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DEPARTMENT  OF  ENERGY'S  HUMAN  GENOME 
PROJECT  ISSUES  ARISING  FROM  RESEARCH 


TUESDAY,  OCTOBER  4,  1994 

House  of  Representatives, 
Subcommittee  on  Energy, 
Committee  on  Science,  Space,  and  Technology, 

Washington,  DC. 

The  subcommittee  met,  pursuant  to  call,  at  1:40  p.m.  in  Room 
2318,  Rayburn  House  Office  Building,  Hon.  Marilyn  Lloyd  (chair- 
woman of  the  subcommittee)  presiding. 

Mrs.  Lloyd.  The  subcommittee  will  come  to  order.  Good  after- 
noon, ladies  and  gentlemen.  I  would  like  to  ask  unanimous  consent 
that  today's  hearing  be  covered  by  the  media.  Without  objection, 
Mr.  Fawell,  so  ordered. 

Today's  hearing  will  explore  the  pivotal  connections  between  re- 
search and  its  impact  on  society.  Recent  research  has  already  found 
genetic  links  to  a  number  of  diseases  such  as  Huntington's  and 
cystic  fibrosis.  The  recent  discovery  of  the  breast  cancer  gene  indi- 
cates even  greater  opportunities  for  research  to  continue  to  under- 
stand and  eventually  treat  a  number  of  diseases. 

As  we  achieve  these  impressive  insights,  we  need  to  assure  that 
the  resulting  information  is  handled  with  sensitivity  and  respon- 
sibility. The  availability  of  this  information  for  each  individual 
raises  a  number  of  ethical,  legal,  and  social  issues  that  need  to  be 
addressed  to  maximize  the  research  benefits  to  society  and  to  mini- 
mize discrimination  in  access  to  employment,  insurance,  or  social 
stigmatization. 

Today's  government  and  private  sector  witnesses  will  help  us  to 
understand  the  issues  arising  from  research  and  frame  appropriate 
mechanisms  to  deal  with  these  very  important  emerging  issues, 
and  I  would  like  to  recognize  my  colleague,  Mr.  Fawell,  for  his 
opening  remarks. 

[The  prepared  opening  statement  of  Marilyn  Lloyd  follows:] 
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THE  HONORABLE  MARILYN  LLOYD 

OPENING  STATEMENT 

OCTOBER  4,  1994 

"HUMAN  GENOME  --  ISSUES 
ARISING  FROM  RESEARCH" 


GOOD  AFTERNOON,  LADIES  AND  GENTLEMEN,  THE 
SUBCOMMITTEE  WILL  COME  TO  ORDER.  [I  WOULD 
LIKE  TO  ASK  UNANIMOUS  CONSENT  THAT  TODAY'S 
HEARING  BE  COVERED  BY  THE  MEDIA.  WITHOUT 
OBJECTION,  SO  ORDERED]. 

TODAY'S  HEARING  WILL  EXPLORE  THE  PIVOTAL 
CONNECTIONS  BETWEEN  RESEARCH  AND  ITS  IMPACT 
ON  SOCIETY.  RECENT  RESEARCH  PROGRAMS  TO  MAP 
THE  HUMAN  GENOME  AND  UNDERSTAND  THE  GENETIC 
LINK  TO  DISEASES  HAVE  ALREADY  RESULTED  IN 
IMPROVED  UNDERSTANDING  FOR  A  NUMBER  OF 
GENETICALLY      RELATED      DISORDERS,      SUCH      AS 


HUNTINGTON'S  DISEASE  AND  CYSTIC  FIBROSIS. 

THE  ANNOUNCEMENT  OF  THE  DISCOVERY  OF  THE 
BREAST  CANCER  GENE  IS  THE  MOST  RECENT  SIGN 
THAT  RESEARCH  CAN  PROVIDE  KEY  INFORMATION 
FOR  PREDICTING  PREDISPOSITION  TO  PARTICULAR 
DISEASES.  THIS  INFORMATION  CAN  ALSO  HELP 
DEVELOP  IMPROVED  PREVENTIVE  STRATEGIES  AND 
THERAPIES  TO  DEAL  MORE  EFFECTIVELY  WITH  LIFE 
THREATENING  DISEASES.  THE  IMPORTANCE  OF  THE 
RECENT  DISCOVERY  OF  THE  BREAST  CANCER  GENE  IS 
THE  FACT  THAT  EXPERTS  THINK  THAT  ABOUT  FIVE  TO 
TEN  PERCENT  OF  THE  180,000  BREAST  CANCER  CASES 
DIAGNOSED  IN  THE  U.S.  EACH  YEAR  ARE 
HEREDITARY. 


THE  HUMAN  GENOME  PROJECT  WILL  ENHANCE 
BOTH  THE  AMOUNT  AND  QUALITY  OF  GENETIC 
INFORMATION  ON  A  NUMBER  OF  DISEASES,  BUT  THE 
USE  OF  SUCH  INFORMATION  MUST  BE  MADE  WITH 
SENSITIVITY  AND  RESPONSIBILITY.  FOR  EXAMPLE,  IN 
MANY  DISEASES,  GENETIC  MAKE-UP  MAY  BE  ONLY 
ONE  FACTOR  AMONG  OTHER  CAUSAL  CONDITIONS 
THAT  PREDISPOSE  THE  INDIVIDUAL  TO  DISEASE. 
LIKEWISE  THE  FACT  THAT  GENETIC  INFORMATION 
MAY  BE  GATHERED  FROM  AN  INDIVIDUAL  WELL 
BEFORE  ANY  POTENTIAL  OR  EXPECTED  ONSET  OF  THE 
DISEASE  POSES  A  SIGNIFICANT  DILEMMA  REGARDING 
ITS  USE. 

ADDITIONALLY,  THE  FACT  THAT  OUR  ABILITY  TO 
PREDICT    THE    ONSET    OF    A    DISEASE    WITHOUT    A 


CORRESPONDING  OR  TIMELY  CURE  RAISES  ISSUES 
ABOUT  ITS  USE  BY  THE  POTENTIALLY  AFFECTED 
INDIVIDUALS  OR  THE  VARIETY  OF  CULTURAL,  SOCIAL, 
AND  ECONOMIC  INSTITUTIONS  IN  OUR  SOCIETY. 

IN  RECOGNITION  OF  THE  SIGNIFICANT  SOCIAL 
IMPACT  THAT  THE  HUMAN  GENOME  PROJECT  WILL 
HAVE,  THE  TWO  MAIN  FUNDING  AGENCIES-THE 
NATIONAL  INSTITUTES  OF  HEALTH  AND  THE 
DEPARTMENT  OF  ENERGY  ESTABLISHED  A  JOINT 
WORKING  GROUP  TO  IDENTIFY  THE  ETHICAL,  LEGAL, 
AND  SOCIAL  ISSUES  EMERGING  FROM  THE  HUMAN 
GENOME  PROJECT.  THIS  EFFORT  OFFERS  A  UNIQUE 
OPPORTUNITY  TO  ANTICIPATE  AND  ADDRESS  THE 
MYRIAD  ISSUES  IN  A  WAY  THAT  WILL  MAXIMIZE  THE 
BENEFITS  OF  GENOME  RESEARCH  TO  SOCIETY  AND 


MINIMIZE  DISCRIMINATION  IN  ACCESS  TO 
EMPLOYMENT,  INSURANCE,  OR  SOCIAL 
STIGMATIZATION. 


OUR  WITNESSES  TODAY  WILL  HELP  PROVIDE  A 
NATIONAL  FOCUS  ON  THE  VALUE  OF  GENETICALLY 
RELATED  RESEARCH.  AT  THE  SAME  TIME,  THEIR 
COMMENTS  WILL  BE  USEFUL  IN  ASSESSING  CURRENT 
AND  PROPOSED  POLICY  MECHANISMS  TO  DEAL  WITH 
THE  COMPLEX  ISSUES  COMING  FROM  THIS 
REMARKABLE  BIOLOGICAL  REVOLUTION  IN  OUR 
MIDST.  THESE  DELIBERATIONS  WILL  ALLOW  US  TO 
USE  OUR  SCIENCE  IN  A  BENEFICIAL  WAY  AND 
MAINTAIN  OUR  CORE  INDIVIDUAL  RIGHTS  AND 
VALUES  AS  A  SOCIETY. 


THIS  HEARING  RAISES  BROAD  SOCIAL  ISSUES.  I  WANT 
TO  COMMEND  TINA  VAN  SICKLE  OF  THE 
SUBCOMMITTEE  STAFF  FOR  BRINGING  THIS  COMPLEX 
AREA  FORWARD  IN  A  WAY  THAT  WILL  HAVE  MEANING 
AND  FOCUS  FOR  DECISIONMAKERS.  I  ALSO  WANT  TO 
THANK  LAURA  BRICE  OF  THE  UNIVERSITY  OF 
MICHIGAN,  WHO  DURING  HER  INTERNSHIP  AT  THE 
SUBCOMMITTEE,  PROVIDED  A  KEY  ROLE  IN  LAYING 
THE  FOUNDATION  FOR  THIS  IMPORTANT  HEARING. 
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Mr.  Fawell.  Madam  Chairman,  I  have  a  statement  prepared, 
and  I  ask  unanimous  consent  that  it  may  be  entered  in  the  record, 
and  then  simply  state  that  I  agree  wholeheartedly  with  the  com- 
ments which  you  just  stated,  and  I  look  forward  to  the  comments. 
I  am  sure  that  I  shall  learn  a  great  deal  in  this  area. 

Thank  you  very  much. 

[The  prepared  opening  statement  of  Mr.  Fawell  follows:] 


HONORABLE  HARRIS  W.  FAWELL 

OPENING  STATEMENT 

SUBCOMMITTEE  ON  ENERGY 

HEARING 

ON 

•DEPARTMENT  OF  ENERGY'S  HUMAN  GENOME  PROJECT - 

ISSUES  ARISING  FROM  RESEARCH" 

October  4,  1 994 


The  mapping  of  the  human  genome,  the  most  ambitious  undertaking  in  the 
history  of  biology,  has  the  power  to  change  our  understanding  of  life  at  the  basic 
level.  But  the  ability  to  identify  people  who  have  or  are  carrying  genetic  diseases 
inevitably  come  before  treatments  are  discovered,  As  a  result,  when  all  you  can  do 
Is  diagnose  and  you  can't  treat,  each  success  in  the  gene-mapping  project  will  create 
new  ethical,  legal  and  social  implications  — or  ELSI  in  Government  jargon. 

Early  on  it  was  recognized  that  information  arising  from  this  research  could  be 
misused.  And  both  DOE  and  the  National  Institutes  of  Health  (NIH)  are  funding  ELSI 
programs  — with  DOE  spending  about  3%  or  $2  million  annually,  and  NIH  about  5%, 
or  some  $5  million  annually  — to  address  these  complicated  ELSI  issues.  However, 
some  of  the  ELSI  efforts  to  date  have  been  criticized  as  having  the  same  cast  of 
characters  debating  the  same  issues  over  and  over  again  without  moving  toward  the 
resolution  of  any  of  them. 

I  look  forward  to  hearing  from  our  witnesses  today  what  these  programs  have 
produced  in  terms  of  concrete  results,  particularly  in  terms  of  general  policy 
recommendations  that  Congress  should  consider  in  the  near  future. 
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Mrs.  Lloyd.  Thank  you  very  much,  and  I  do  ask  unanimous  con- 
sent that  all  Members'  opening  statements  be  made  a  part  of  the 
record,  and.  Dr.  Patrinos,  if  you  would  begin  and  we  will  go  about 
10  minutes,  and  then  I  think  we  will  have  to  break  for  a  vote.  I 
am  awfully  sorry  about  our  votes  today. 

STATEMENT  OF  DR.  ARI  PATRINOS,  ACTING  ASSOCIATE  DI- 
RECTOR, OFFICE  OF  HEALTH  AND  ENVIRONMENTAL  RE- 
SEARCH, U.S.  DEPARTMENT  OF  ENERGY,  ACCOMPANIED  BY 
DR.  DAN  DRELL,  STAFF  OF  HUMAN  GENOME  PROGRAM 

Dr.  Patrinos.  Thank  you.  Madam  Chairman.  I  am  indeed  hon- 
ored to  appear  before  your  subcommittee  this  afternoon  to  testify 
on  the  human  genome  program  and  specifically  on  the  associated 
activities  of  the  Department  of  Energy.  I  have  with  me  my  col- 
league, Dr.  Dan  Drell,  who  is  on  the  human  genome  program  staff 
and  who  manages  the  part  of  our  program  that  deals  with  the  ethi- 
cal, legal,  and  social  issues. 

I  would  like  to  start  on  a  personal  note,  and  I  would  like  to  say 
that  I  am  honored  to  be  appearing  before  you  for  what  may  be  one 
of  your  last  subcommittee  hearings.  I  want  you  to  know  that  I  have 
followed  your  career  for  a  number  of  years,  starting  back  in  1975 
and  1976  when  I  joined  the  Oak  Ridge  National  Laboratory  and 
you  were  at  the  time  a  freshman  in  Congress. 

Mrs.  Lloyd.  And,  Dr.  Patrinos,  that  has  been  a  long  time  ago 
and  thank  you  for  your  leadership. 

Dr.  Patrinos.  Certainly  speaking  for  myself,  but  also,  I  am  sure, 
for  many  others  at  the  Department  of  Energy,  I  can  say  that  start- 
ing next  January,  we  will  miss  your  leadership  and  support,  but  we 
wish  you  the  very  best  in  whatever  endeavors  you  have  planned. 
Mrs.  Lloyd.  Thank  you  very  much. 

Dr.  Patrinos.  The  Office  of  Health  and  Environmental  Research 
is  indeed  very  proud  of  its  role  in  starting  the  human  genome  pro- 
gram back  in  1986,  in  fact,  the  first  government  agency  to  commit 
to  the  mapping  and  sequencing  of  the  3  billion  base  pairs  of  the 
24  chromosomes  of  the  human  genome.  The  DOE  program  sprung, 
in  fact,  from  our  longstanding  research  program  of  the  health  ef- 
fects of  energy  production  and  use,  including  those  of  ionizing  radi- 
ation. 

Together  with  the  NIH,  the  National  Institutes  of  Health,  the 
Department  is  pursuing  this  major  undertaking  that  promises  to 
revolutionize  the  fields  of  medical  diagnosis  and  therapy.  This  pro- 
gram is  also  developing  new  applications  in  the  broad  field  of  bio- 
technology, including  novel  approaches  to  bioremediation,  agricul- 
tural practices,  and  industrial  processes. 

The  interagency  coordination  and  cooperation  with  the  National 
Institutes  of  Health  is  exemplary,  starting  with  a  Memorandum  of 
Understanding  in  1988  and  a  joint  five-year  plan  in  1990  which 
was  updated  last  year  because  of  faster  than  predicted  advances  in 
new  sequencing  technologies,  computational  and  data  management 
procedures,  and  discoveries  of  disease  genes. 

Funding  for  the  human  genome  program  runs  at  approximately 
$175  million  per  year  with  a  DOE  component  at  $67  million,  which 
is  about  40  percent  of  the  total.  Our  program  is  conducted  at  three 
genome  centers  at  the  laboratories  Berkeley,  Los  Alamos,  and  Law- 
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rence  Livermore,  five  other  national  laboratories,  including  Oak 
Ridge  National  Laboratory  and  Argonne  National  Laboratory,  and 
also  53  universities  and  companies.  We  also  have  significant  inter- 
national partners  in  this  effort.  For  example,  England,  France, 
Japan,  Russia,  and  Canada. 

The  major  focus  for  the  DOE  program  has  been  on  developing 
the  tools  for  high-accuracy  and  high-speed  sequencing  and  mapping 
and  on  the  information  and  data  infrastructure  that  is  absolutely 
necessary  for  the  success  of  such  an  ambitious  program.  The 
unique  interdisciplinary  and  multidisciplinary  capabilities  of  our 
national  laboratories  make  them  ideally  suited  for  such  tasks. 

Our  program  also  places  a  great  emphasis  on  the  ethical,  legal, 
and  social  implications  of  human  genome  research  that  you  spoke 
of.  This  effort,  coordinated  closely  with  the  NIH  and  known  as 
ELSI,  commands  approximately  3  percent  of  the  program's  budget, 
and  the  fund's  research  and  development  activities  related  to 
things  such  as  privacy  of  personal  genetic  information,  use  of  ge- 
netic information  by  employers  in  the  workplace,  commercialization 
of  genome  research  results,  and  education  of  the  general  public  or 
selected  groups,  for  example,  judges,  in  genetics. 

The  goal  of  ELSI  is  to  stimulate  public  awareness  of  the  impor- 
tant issues  of  the  genome  program  and  to  provide  the  appropriate 
intellectual,  social,  and  technical  tools  for  informed  policy  making. 

My  written  testimony  contains  many  accomplishments  of  the 
technical  part  of  our  program,  as  well  as  many  of  the  accomplish- 
ments and  contributions  of  the  ELSI  effort. 

Responding  to  the  particular  request  of  your  invitation  letter,  I 
would  like  to  note  the  study  by  the  National  Academy  of  Sciences 
Institute  of  Medicine  on  "Assessing  Genetic  Risk  and  the  Implica- 
tions for  Health  and  Social  Policy"  which  was  published  this  year 
and  the  report  on  genetic  information  and  health  insurance  issued 
by  our  ELSI  working  group  last  year. 

Both  reports  identify  many  of  the  serious  issues  associated  with 
genetic  information  and  provide  some  policy  recommendations.  Re- 
garding the  National  Bioethics  Advisory  Commission,  which  has 
been  proposed  by  the  Office  of  Science  and  Technology  Policy,  we 
certainly  support  its  creation  and  its  charter.  Although  the  charter 
goes  beyond  human  genome  issues;  for  example,  the  broader  issue 
of  research  involving  human  subjects,  we  will  make  sure  that  our 
ELSI  working  group  and  ELSI  activities  contribute  to  its  functions 
and  deliberations. 

In  conclusion,  I  would  like  to  emphasize  that  the  human  genome 
program  does  not  raise  any  novel  ethical,  legal,  or  social  issues. 
Rather,  it  focuses  attention  on  preexisting  ones,  such  as  the  privacy 
of  personal,  medical,  and  genetic  information,  the  implication  of  its 
use  by  third  parties,  such  as  employers  and  insurance,  and  the 
availability  of  predictive  health  information,  particularly  in  the  ab- 
sence of  immediate  therapies. 

All  these  issues  will  be  with  us  regardless  of  the  advent  and  ad- 
vances of  the  human  genome  program.  I  believe,  however,  that  only 
in  these  advances  will  we  find  the  promise  of  effective  and  correc- 
tive medicine  as  well  as  a  myriad  of  other  solutions  to  problems 
facing  us  today. 
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This  concludes  my  prepared  remarks  and  I  will  be  delighted  to 
answer  any  questions. 
[The  prepared  statement  of  Dr.  Ari  Patrinos  follows:] 
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statement  of  Ari  Patrinos,  Ph.D. 

Acting  Associate  Director 

Office  of  Health  and  Environmental  Research 

Office  of  Energy  Research 
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Madam  Chairman  and  Members  of  the  Subcommittee: 

I  am  pleased  to  be  here  today  to  discuss  the  Human  Genome  Project,  the  nature 
and  progress  of  the  Department  of  Energy's  (DOE)  Biological  and  Environmental 
Research  (BER)  program's  contributions  to  this  project,  and  the  key  DOE 
activities  conducted  in  this  project  under  the  Ethical,  Legal,  and  Social 
Issues  (ELSI)  program.  The  Human  Genome  Project,  initiated  by  DOE  in  the  mid- 
1980's,  is  a  truly  international  effort  to  develop  and  apply  technology  to  map 
and  sequence  the  human  genome.  It  is  one  of  the  cornerstones  of  a  dramatic 
technological  change  underway  throughout  the  world  that  will  impact  many  of 
America's  most  important  industries.  Beyond  its  obvious  implications  for 
medicine  and  human  health,  this  project  is  creating  technology  and  resources 
that  will  be  applied  to  the  characterization  of  the  genomes  of  many  living 
organisms.  Such  information  will  provide  us  with  important  new  capabilities 
with  applications  in  energy,  environment,  agriculture,  materials,  and 
industrial  processes.  The  potential  and  appeal  of  this  new  targeted  approach 
to  biology  can  be  seen  in  the  recent  establishment,  around  the  world,  of 
genome  projects  for  several  agricultural  crops  and  animals.  The  Department, 
itself,  has  started  a  new  program  in  FY  1994,  called  the  Microbial  Genome 
Initiative,  targeted  at  characterizing  the  genomes  of  microbes  of  interest 
from  an  energy,  environmental,  or  industrial  perspective.  Presently,  more 
than  a  dozen  countries,  including  England,  France,  Japan,  Russia,  Israel,  and 
Canada  are  conducting  organized  Human  Genome  Research  programs.  This 
diversity  of  efforts  has  accelerated  progress  in  the  project;  to  date,  the 
activities  of  international  partners  in  human  genome  research  have  contributed 
significantly.  As  this  hearing  is  going  on,  an  international  organization 
called  the  Human  Genome  Organization  (HUGO)  is  holding  a  meeting  here  in 
Washington  on  recent  advances  in  genome  research. 
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In  1988,  to  enhance  coordination  between  the  National  Institutes  of  Health 
(NIH)  genome  effort  and  the  DOE  genome  effort,  a  memorandum  of  understanding 
was  signed,  in  which  NIH  and  DOE  agreed  to  work  together,  coordinate  their 
technical  research  and  activities,  share  results,  and  contribute  the 
respective  strengths  of  each  organization.  In  1990,  a  five-year  execution 
plan  for  the  project  was  agreed  to,  with  specific  technical  goals  to  be  met  in 
the  areas  of  mapping  and  sequencing.  Due  to  unexpectedly  rapid  progress  and 
increased  understanding  in  technical  areas,  such  as  genome  mapping,  the  NIH 
and  DOE  revised  these  goals  a  year  ago  setting  more  concrete  and  ambitious 
milestones. 

Research  in  the  DOE  Human  Genome  Program  is  conducted  at  the  Genome  Centers 
at  Lawrence  Berkeley  Laboratory,  Lawrence  Livermore  National  Laboratory,  and 
Los  Alamos  National  Laboratory,  other  DOE  National  Laboratories  (including  Oak 
Ridge),  more  than  48  universities  and  companies,  and  in  several  other 
countries,  e.g.,  Australia,  Canada,  Israel,  and  Russia. 
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The  component  parts  of  the  program  include: 

Mapping:  the  development  of  more  accurate  genetic  and  physical  maps  of 

the  human  genome,  that  will  establish  the  location  of  the  genes  in  the 

human  genome  on  the  various  chromosomes; 

Sequencing:  sequencing  the  human  DNA,  e.g.  determining  the  exact 

sequence  of  the  estimated  three  billion  nucleotides  on  the  24  types  of 

chromosomes  in  the  human  genome; 

Databases:  the  development  of  various  computerized  databases  so  that 

the  vast  amount  of  information  obtained  can  be  efficiently  analyzed  and 

the  different  kinds  of  maps  (genetic,  physical,  and  DNA  sequence-based) 

can  be  correlated; 

Technology  Development:  to  accomplish,  more  rapidly  and  cost 

effectively,  the  goals  of  mapping  and  sequencing  the  chromosomal  DNA, 

and  enable  others  to  study  more  efficiently  human  genome  organization 

and  function; 

Model  Organisms:  the  study  of  selected  model  organisms  so  the  wealth  of 

information  from  other  species,  whose  genomes  are  similar  in 

organization  or  information  content,  can  contribute  to  the  more 

efficient  characterization  and  understanding  of  the  human  genome; 

Research  Implications:  a  subprogram  devoted  to  the  study  of  ethical, 

legal,  and  social  implications  (ELSI)  of  genome  research. 

Activities  of  the  Ethical,  Legal,  and  Social  Implications  Program 
It  was  recognized  early  in  the  development  of  the  Human  Genome  Project  that 
the  knowledge  to  come  from  genome  studies  had  broader  medical  and  societal 
implications  than  those  arising  from  other  kinds  of  scientific  knowledge. 
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This  recognition  was  the  basis  for  the  establishment,  both  in  the  NIH  and  in 
the  DOE  genome  programs,  of  subprograms  devoted  to  ethical,  legal,  and  social 
implications  of  genome  research.  Increases  in  genetic  information  about  many 
individuals  will  eventually  result  from  the  Human  Genome  Project.  One  aim  of 
the  ELSI  subprogram  is  to  anticipate  and  address  issues  and  implications  that 
this  new  information  will  have  for  individuals  and  society.  Another  aim  is  to 
stimulate  public  awareness  and  discussion  about  the  ethical,  legal,  and 
societal  implications  of  genome  research.  In  addition,  ELSI  studies  should 
contribute  to  the  identification  and  development  of  informed  policy  options 
that  will  address  the  ethical,  legal,  and  societal  impact  of  genetic 
information. 

There  is  a  very  wide  range  of  potential  ELSI  issues  that  needs  to  be 
considered.  These  range  from  the  fair  use  of  the  large  amount  of  genetic 
information  that  will  be  available  as  a  result  of  the  Human  Genome  Project, 
the  impact  of  this  information  on  genetic  counseling  and  medical  practice, 
impacts  on  personal  reproductive  decisions,  impacts  on  the  availability  of 
health  insurance  and  on  employment  practices,  lessons  from  past  uses  and 
misuses  of  genetic  information,  privacy  implications,  even  conceptual  and 
philosophical  implications,  to  implications  of  personal  genetic  variation.  A 
very  real,  current  example  relates  to  the  recent  identification  of  the  BRCA-1 
breast  cancer  gene,  that  Mary-Claire  King,  a  very  important  contributor  to 
this  work,  may  speak  about  in  the  next  panel,  and  the  association  of  forms  of 
that  gene  with  increased  susceptibility  to  breast  cancer.  The  availability  of 
this  new  genetic  information  will,  for  many  women,  immediately  raise  the  issue 
of  whether  they  should  be  tested  to  determine  their  genetic  susceptibility  to 
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breast  cancer.  However,  it  appears  that  different  forms  of  this  gene  exist 
that  may  each  have  a  different  effect  on  susceptibility  to  breast  cancer.   In 
addition,  most  breast  cancers  are  currently  thought  not  to  be  associated  with 
inheritance  of  the  BRCA-1  gene.  Thus,  the  societal  issues  quickly  become  very 
complex.  Under  what  circumstances  should  a  woman  be  tested  for  the  presence 
of  a  breast  cancer  susceptibility  gene?  Should  she  report  the  test  results  to 
her  insurance  company?  Does  she  have  obligations  {legal  or  otherwise)  to 
inform  her  employer?  What  actions  are  likely  from  her  insurance  company  or 
employer  if  she  does  or  doesn't  report  this  information?  Should  she  inform 
other  members  of  her  family  of  her  test  results?  What  professional 
obligations  do  physicians,  nurses,  or  genetic  counselors  have  to  explain  the 
implications  of  a  test  that  is  so  new  and  for  which  the  implications  are  yet 
so  uncertain?  What  legal  redress  may  exist,  or  should  be  contemplated,  for 
discrimination  against  a  woman  who,  now  or  in  the  near  future,  tests  positive 
for  a  BRCA-1  version  that  predicts  heightened  susceptibility  to  a  breast 
cancer  and  would,  eventually,  result  in  increased  medical  costs  and  work 
downtime?  These  are  only  some  of  the  complex  questions  that  are  emerging  as 
tests  for  a  number  conditions  (e.g.,  cystic  fibrosis,  sickle  cell  anemia, 
Huntington's  Disease,  colon  cancer,  and,  in  the  near  future,  breast  cancer) 
are  used  or  developed. 

The  DOE  ELSI  subprogram,  which  operates  with  three  percent  of  the  annual 
budget  for  the  DOE  Humafl  Genome  Program,  or  about  $2.0  million  in  FY  1995, 
elected  to  narrow  its  focus  to  issues  of  privacy  and  confidentiality  of 
personal  genetic  information,  genetic  information  privacy  in  the  workplace, 
issues  arising  from  commercialization  and  different  approaches  to  intellectual 
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property  protection  of  genetic  information,  studies  on  the  implications  of 
large  DNA-based  databases  and  data  accumulations,  and  fostering  genetic 
knowledge  and  literacy.  In  concert  with  the  NIH  ELSI  program,  DOE  also 
supported  a  study,  released  last  April,  by  the  Institute  of  Medicine  of  the 
full  range  of  ELSI  issues  with  recommendations  for  informed  policies. 

One  highly  successful  ELSI  program  was  the  DOE-supported  development  of 
educational  curricula  for  high  school  students  that  was  distributed  to  some 
50,000  high  school  biology  teachers.  This  curriculum  is  now  being  translated 
into  Spanish  and  introduced  into  the  Los  Angeles  school  system.  A  "Primer  on 
Molecular  Genetics"  produced  in  1992  has  been  distributed  to  over  28,000 
people  and,  on  the  Internet,  has  been  accessed  by  over  twice  that  number. 

A  project  based  at  the  University  of  Washington  in  Seattle  introduces  and 
involves  high  school  students  in  the  Human  Genome  Project  by  having  them 
actually  sequence  short  segments  of  human  DNA.  Their  sequences  become  part  of 
the  sequence  database  for  the  entire  project;  these  students  both  learn 
science  by  doing  it  and  contribute  to  the  eventual  result. 

The  formulation  of  a  "deskbook"  reference  work  on  genetics  for  members  of  the 
judiciary  is  another  project.  Judges  are  already  seeing  more  and  more  DNA- 
based  evidence  in  the  context  of  various  court  cases.  The  Los  Alamos  National 
Laboratory  has  prepared  and  widely  distributed  an  ELSI  bibliography  that  has 
over  5,600  listings  and  which  continues  to  grow. 

DOE  supported  two  Public  Television  documentaries  about  medicine  and  genetics 
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that  were  broadcast  in  1993  and  reached  millions  of  viewers.  DOE  is 
supporting  exhibits  at  both  the  San  Francisco  Expl orator i urn  Museum  and  an 
exhibit  {"Science  in  American  Life")  that  recently  opened  in  the  Smithsonian's 
National  Museum  of  American  History. 

The  DOE  ELSI  program  works  very  closely  and  cordially  with  the  NIH  ELSI 
program.  Staff  from  the  two  programs  are  in  frequent  communication,  attend 
each  other's  planning  meetings  and  reviews  as  observers,  have  jointly 
sponsored  workshops  and  meetings  of  the  ELSI  grantees,  and  both  share  the 
support  and  coordinate  the  functioning  of  the  ELSI  Working  Group.  This 
Working  Group,  currently  chaired  by  Dr.  Nancy  Wexler  of  Columbia  University, 
is  now  composed  of  15  distinguished  individuals  from  an  extraordinarily  broad 
range  of  backgrounds  and  expertise,  and  has  existed  since  1989  to  coordinate 
the  efforts  by  the  DOE  and  NIH  ELSI  programs  to  avoid  duplication  of  effort, 
to  identify  areas  of  research  that  need  attention  (often  in  anticipation  of 
rapidly  advancing  science  such  as  the  discovery  of  the  breast  cancer 
susceptibility  gene),  and  to  periodically  review  the  progress  of  ELSI 
grantees.  The  ELSI  Working  Group  has  also  issued  policy  statements  on  various 
issues  such  as  the  applicability  of  the  Americans  with  Disabilities  Act  to 
individuals  with  genetic  conditions  or  increased  susceptibility  to  a  future 
medical  condition  (e.g.,  breast  cancer),  and  on  health  insurance  and  genetic 
conditions. 

Since  the  ELSI  Working  Group  was  a  creation  of  the  NIH  and  DOE  Human  Genome 
Programs,  concern  has  been  expressed  about  the  relationship  of  this  group  to 
the  scientific  management  of  the  genome  programs  as  well  as  to  the  proposed 
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National  Bioethics  Advisory  Commission  (NBAC)  recently  proposed  by  the  Office 
of  Science  and  Technology  Policy.  The  scientific  managers  of  the  DOE  Human 
Genome  Program  strongly  support  the  ELSI  program  and  recognize  its  critical 
importance  as  an  element  of  the  overall  Human  Genome  Project.  The  possible 
relation  of  the  ELSI  Working  Group  with  the  NBAC  is  difficult  to  determine  at 
this  time  since  this  commission  is  not  yet  established.  However,  if  the  NBAC 
is  formed,  the  outcomes  of  the  DOE  ELSI  program  would  be  freely  furnished  to 
the  Commission;  and  the  DOE  genome  program  would  look  forward  to  cooperating 
with  it  fully.  Since  a  charter  for  the  NBAC  has  not  yet  been  finalized,  it  is 
impossible  to  predict  the  impact  of  this  Commission  on  DOE's  ELSI  program; 
however,  it  is  our  hope  that  the  efforts  of  the  NBAC  and  ELSI  program  will  be 
complementary  and  not  redundant. 

Research  and  Development  Activities  of  the  DOE  Human  Genome  Program 
The  scientific  outcomes  of  the  Human  Genome  Project  will  include  (but  are  not 
necessarily  limited  to):  novel  technologies  for  the  analysis  of  DNAs  from 
other  organisms;  better  understandings  of  the  underlying  causes  of  genetic 
diseases  leading  to  more  rapid,  earlier,  and  more  accurate  diagnostic  tests; 
better  characterization  of  genetic  susceptibilities  to  external  agents  and 
better  accompanying  risk  assessments;  studies  of  individual  differences  and 
insights  into  human  evolution;  and  better  understanding  of  biological 
functions  and  the  developmental  problems  that  can  occur.  All  of  this  will 
lead  to  new  approaches 
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to  disease  therapies,  including  gene  therapies,  new  pharmaceuticals  based  on 
gene  products,  and  new  biotechnological  industries. 

The  transfer  of  technologies  developed  in  the  Human  Genome  Project  to  the 
private  sector  continues  to  increase  and  the  commercial  interest  in  these 
technologies  continues  to  grow.  These  technologies  are  transferred  through  a 
number  of  mechanisms  including.  Cooperative  Research  and  Development 
Agreements,  the  Small  Business  Innovation  Research  Program,  a  DNA  Diagnostics 
program  of  the  National  Institute  of  Standards  and  Technologies  Advanced 
Technology  Program  of  the  Department  of  Commerce,  and  through  independent 
investor  funding.  New  investigations  are  also  being  started,  using  genome 
project  technologies  and  scientific  understanding,  to  explore  the  genomes  of 
organisms  that  should  be  of  interest  for  industrial  and  commercial  uses.  For 
example,  DOE  has  started  a  Microbial  Genome  Initiative  to  take  the  first  steps 
at  characterizing  the  genomes  of  microbial  species,  many  of  which  live  in 
extreme  environments  and  carry  out  biological  processes  of  potential  interest 
for  purposes  such  as  waste  remediation,  environmental  cleanup,  and  other 
industrially  valuable  processes. 

Recent  accomplishments  of  the  DOE  Human  Genome  Program  include  the  highest 
resolution  physical  maps  of  human  chromosomes  16  and  19,  based  on  work 
conducted  at  the  Los  Alamos  National  Laboratory  by  the  group  headed  by  Robert 
Moyzis  and  at  the  Lawrence  Livermore  National  Laboratory,  by  the  group  headed 
by  Anthony  Carrano,  respectively.  The  Chromosome  19  map  contributed  to  the 
characterization  of  the  genetic  defect  underlying  the  disease  myotonic 
dystrophy,  a  common  form  of  muscular  dystrophy.  Additional  interest  in 
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Chromosome  19  derives  from  the  fact  that  this  chromosome  has  several  genes 
whose  products  are  involved  in  the  repair  of  damaged  DNA.  A  DOE-supported 
researcher  at  the  University  of  Washington  in  Seattle,  Dr.  Leroy  Hood,  has 
succeeded  in  sequencing  nearly  a  million  base  pairs  of  DNA  from  the  human  and 
mouse  genes  that  code  for  T  cell  receptor  complexes.  These  genes  code  for 
molecules  on  the  surface  of  certain  white  blood  cells  that  are  critically 
important  for  many  immune  responses  to  invading  pathogens  and  are  widely 
thought  to  be  involved  in  protection  against  early  tumor  development.  This 
successful  DNA  sequencing  effort  includes  the  longest  continuous  amount  of 
human  DNA  that  has  yet  been  sequenced  (about  620,000  bases)  and  made  available 
through  Genome  Sequence  Database  (GSDB)  to  the  entire  scientific  community. 
Additional  accomplishments  include  advances  in  technologies  that  are  speeding 
up  DNA  mapping  and  sequencing,  novel  "vectors"  (laboratory  tools  critical  for 
the  manipulation  of  DNA  in  fragment  sizes  that  can  readily  be  characterized 
and  studied),  and  improvements  in  various  technologies  and  automation  that  are 
critically  important  to  minimize  the  costs  of  sequencing  and  mapping. 

Very  recently,  a  genetic  resource  of  cloned  human  DNA  developed  by  a  DOE- 
supported  researcher.  Dr.  Melvin  Simon  at  the  California  Institute  of 
Technology,  contributed  to  the  identification  of  the  previously  mentioned 
BRCA-1  breast  cancer  susceptibility  gene.  Dr.  Joe  Gray,  a  researcher 
supported  by  DOE  at  the  University  of  California,  and  his  colleagues  are 
improving  a  technology,  called  "comparative  genomic  hybridization",  that 
allows  rapid  and  sensitive  comparisons  of  genetic  material  from  different 
sources,  including  cancer  cells  and  non-cancerous  cells  from  the  same 
individual.  This  technique  could  allow  for  rapid  and  routine  tests  for  cancer 
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diagnosis,  as  well  as  facilitate  the  identification  of  new  genes  that  when 
altered  may  lead  to  the  development  of  cancer.   In  all  these  cases,  it  is  the 
availability  of  the  resources,  technologies  and  new  approaches  from  the  genome 
program,  taken  altogether,  that  enables  new,  basic  cutting-edge  research  and 
applications  of  that  research. 

One  indication  of  advances  in  genome  research  within  the  last  10  years  is  the 
dramatic  increase  in  new  DNA  sequence  being  added  to  publicly  accessible 
sequence  databases.  In  1982,  the  longest  continuous  piece  of  DNA  that  had 
been  sequenced  was  the  genome  of  the  small  bacteriophage,  lambda,  48,502  bases 
long.  By  1992,  the  longest  DNA  sequenced  was  the  third  chromosome  of  brewers 
yeast,  S.  cerevisiae.  315,316  bases  in  length,  a  six-fold  improvement.  In 
1994,  with  the  sequencing  of  the  entire  third  chromosome  of  the  nematode  worm 
C.  eleqans.  totalling  more  than  two  million  consecutive  base  pairs,  there  has 
been  an  increase  of  seven-fold  in  the  length  of  continuous  sequence  in  just 
two  years  and  a  45-fold  increase  over  the  lambda  sequence  12  years  earlier. 
This  rapid  increase  in  sequencing  efficiency  means  that  vastly  greater  amounts 
of  basic  DNA  sequence,  and  the  biological  and  predictive  information  to  be 
derived  from  it,  will  become  available  in  the  very  near  future. 

These  advances  in  sequencing  rates  underscore  the  importance  of  computerized 
databases  for  the  storage  and  manipulation  of  genome  research  results.  A 
particular  focus  of  the  DOE  Human  Genome  Program  is  the  development  and  use  of 
computerized  databases  and  the  analytical  tools  necessary  for  the  efficient 
searching  of  multiple,  different  data  resources  containing  dispersed 
information  about  a  particular  gene.  The  rapid  placement  of  data  from  genome 
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research  into  appropriate  databases  and  the  free  international  exchange  of 
that  data  is  crucial  to  the  overall  success  of  the  genome  program;  this  was 
considered  so  important  from  the  beginning  of  the  Human  Genome  Project  that 
the  1988  memorandum  of  understanding  between  NIH  and  DOE  underlying  U.S.  human 
genome-related  research  called  on  NIH  and  DOE  to  consider  these  issues  in 
their  joint  management  of  the  U.S.  human  genome  program. 

DOE  is  now  the  lead  U.S.  agency  responsible  for  the  operation  and  funding  of 
the  Genome  Data  Base  (GDB)  hosted  at  the  Johns  Hopkins  University  in  Baltimore 
(NIH  provides  additional  support  as  well).  GDB  is  the  worldwide  repository 
for  genome  mapping  data  and  exemplifies  the  worldwide  databases  of  the  future. 
While  the  main  GDB  central  facility  is  located  in  Baltimore,  an  increasing 
number  of  international  nodes  have  been  established  at  locations  around  the 
world  to  facilitate  more  rapid  access  to  GDB  data.  It  appears  to  many  that  it 
is  impractical  for  one  site  to  have  the  expertise  necessary  to  serve  as  the 
central  repository  for  all  the  diverse  types  of  genome  and  biological  data 
that  are  becoming  available;  what  is  rapidly  evolving  instead  is  a  "federated 
information  infrastructure"  that  allows  anyone  at  a  remote  site  to  link  up, 
using  his  or  her  computer,  to  a  global  network  of  different  data  resources 
that  are  physically  located  on  computers  distributed  around  the  world. 

Identifying  genes  among  raw  DNA  sequences  is  still  a  very  large  challenge  (not 
unlike  searching  for  a  needle  in  a  haystack  except  that  the  "needle"  looks  to 
a  human  like  a  piece  of  hay).  One  of  the  computer  tools  commonly  used 
throughout  the  world  for  this  type  of  search  is  "GRAIL",  a  program  written  by 
Dr.  Ed  Uberbacher  and  his  colleagues  at  the  Oak  Ridge  National  Laboratory. 
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The  use  of  this  program  through  the  Internet  is  free  to  anyone.  DOE  has  also 
supported  a  DNA  sequence  database,  called  Genome  Sequence  Database  (GSDB). 
GSDB  was  developed  at  Los  Alamos  National  Laboratory  (LANL)  in  the  1970s  to 
provide  DNA  sequence  information  and  resources  to  the  research  community. 
This  project  has  recently  been  moved  to  the  National  Center  for  Genome 
Resources  in  Santa  Fe,  New  Mexico.  GSDB  processes  and  stores  DNA  sequence 
information  with  a  particular  emphasis  on  serving  the  large  scale  sequence 
producers  from  the  genome  project,  providing  open  access  to  that  information 
with  a  standard  database  query  language,  and  linking  DNA  sequence  information 
with  genome  map  information  available  in  GDB.  Research  to  develop  better 
tools  for  data  submission,  for  accuracy  verification,  for  map  representations, 
and  for  improved  data  access  are  also  being  pursued.  The  importance  of  this 
effort  cannot  be  underestimated:  to  print  the  three  billion  "letters"  of  the 
human  genome  would  require  100  telephone  books,  each  of  1000  pages,  and  to 
find  a  particular  bit  of  information  in  that  amount  of  data  would  be 
impossible  without  dedicated  computerized  resources. 

The  development  and  transfer  of  novel  technologies  to  other  research 
laboratories  and  to  the  commercial  sector  are  additional  areas  in  which  the 
DOE  program  has  placed  a  major  emphasis.  Robots  to  automate  the  tedious 
process  of  building  physical  maps  have  been  built  and  numerous  laboratories 
have  acquired  this  technology;  the  Lawrence  Berkeley  Laboratory  in  California 
has  been  a  leader  in  building  such  robots  and  transferring  them  to  other 
laboratories.  Cooperative  Research  and  Development  Agreements  (CRADAs) 
between  National  Laboratories  and  biotechnology  companies  have  been 
established,  among  them  a  CRADA  between  Lawrence  Livermore  National  Laboratory 
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and  Perkin-Eltner  to  develop  improved  DNA  sequencing  technologies,  and  between 
Los  Alamos  National  Laboratory  and  Life  Technologies  for  single  molecule 
sequencing.  Mutation  detection  methodologies  have  also  been  developed. 
Valuable  resources,  such  as  libraries  of  highly  purified  DNA  fragments  from 
single  chromosomes,  have  been  made  available  to  nearly  every  major  mapping 
laboratory  around  the  world  through  the  National  Laboratories  Gene  Library 
Project.   A  number  of  new  startup,  genomics-based  biotechnology  companies 
have  also  been  established. 

The  great  promise  of  the  Human  Genome  Project  is  to  build  the  information  base 
and  resources  that  will  enable  vast  amounts  of  biological  research  and 
biotechnology  applications  well  into  the  next  century.  The  information, 
resources,  tools,  and  computational  capabilities  will  permit  explorations  of 
DNA  function  and  malfunction,  DNA  damage  from  external  agents  and  the 
accompanying  risks  to  health,  the  elucidation  of  how  biological  function 
results  from  biological  structure,  the  utilization  of  selected  microorganisms 
or  their  gene  products  in  extreme  environments,  and  the  development  of  a  host 
of  improved  biotechnologies.  These  developments  will  contribute  to  better 
human  health.   Similarly,  the  technologies  being  developed  from  the  Human 
—Genome  Project  will  continue  to  have  enormous  practical  and  economic  impacts 
on  agriculture,  industry,  energy  production,  environmental  clean-up,  and 
promote  sustainable  development.  The  continuing  importance  of  ELSI  studies  is 
simply  that  each  of  us  has  a  unique  genome,  and  the  unique  information  in  our 
genomes  both  identifies  us  and  has  predictive  implications  for  our  future 
health.  None  of  us  has  an  "ideal"  or  "perfect"  genome  (even  if  such  a  concept 
could  be  defined.)  Most  individuals  carry  genes  that  would  have  serious 
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consequences  for  health  if  they  were  not  masked  by  other  genes.  How  we 
handle  this  greater  amount  of  information  from  current  human  genome  research 
will  present  challenges  to  us  at  many  levels. 

This  concludes  my  prepared  testimony.  I  would  be  happy  to  answer  your 
questions. 
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Mrs.  Lloyd.  Thank  you  very  much. 

I  apologize.  We  are  going  to  have  to  break  for  a  vote  and  we  will 
be  right  back.  I  would  like  to  acknowledge  the  presence  of  our 
Chairman,  the  Honorable  George  Brown,  and  we  certainly  appre- 
ciate you  being  with  us  and  we  will  look  forward  to  hearing  from 
you  when  we  return. 

[Recess.] 

Mrs.  Lloyd.  We  will  resume  our  hearings  and  certainly  I  do 
want  to  recognize  our  distinguished  Chairman  of  the  full  commit- 
tee, the  Honorable  George  Brown,  who  has  done  such  an  outstand- 
ing job  with  the  leadership  of  the  full  committee. 

Mr.  Chairman. 

Mr.  Brown.  Thank  you  very  much.  Madam  Chair.  We  have  a  lot 
of  questions  that  the  committee  would  like  to  have  you  answer. 

Is  that  Dr.  Drell  out  there?  How  are  you,  Dr.  Drell? 

Dr.  Drell.  Nice  to  see  you. 

Mr.  Brown.  And  I  would  just  like  to  have  one  or  both  of  you  de- 
scribe for  me  the  problems  and  the  opportunities  arising  out  of  the 
rather  complex  way  in  which  we  have  organized  the  human  ge- 
nome project. 

It  has  leadership  from  DOE  and  from  NIH.  It  is  an  international 
program.  It  has  coordination  at  the  White  House  level.  The  ques- 
tion I  have  to  ask  myself,  is  this  system  functioning  well?  Is  it  get- 
ting results?  If  there  are  problems,  what  are  they?  We  may  take 
this  as  a  study  in  organizational  management  as  much  as  a  re- 
search problem  in  biochemistry. 

Dr.  Patrinos.  I  would  be  delighted  to  answer.  Congressman 
Brown.  The  human  genome  program  is  perhaps  one  of  the  best  co- 
ordinated research  efforts  in  the  Federal  Government.  It  is,  in  fact, 
the  paradigm  for  interagency  collaboration. 

The  involvement  of  both  agencies,  the  National  Institutes  of 
Health  and  the  Department  of  Energy,  from  the  very  beginning, 
back  in  the  late  1980s,  started  essentially  with  a  series  of  working 
groups  that  looked  at  all  aspects  of  the  human  genome  program 
from  sequencing  to  mapping  to  the  informatics,  to  the  ethical,  legal 
and  social  issues,  sorted  out  the  territory  for  research  in  a  very  col- 
legia] way,  shared  information,  and  as  I  mentioned  in  my  introduc- 
tory remarks,  signed  a  Memorandum  of  Understanding  at  the  very 
early  stages  of  the  program  and  jointly  issued  a  five-year  research 
plan,  which  last  year  was  updated  because  of  the  significant  ad- 
vances, much  more  than  anticipated  in  the  early  days,  progress 
dealing  with  sequencing  and  mapping  and  informatics. 

The  collaboration  also  at  the  international  level  is  very  well  done. 
Organizations  such  as  the  Human  Genome  Organization,  known  as 
HUGO,  coordinates  many  aspects  of  the  effort,  and  I  also  would 
like  to  say  that  the  community  involved  in  the  human  genome  pro- 
gram is  rather  small,  despite  its  prominence  and  the  attention  it 
gets. 

So  at  the  scientist  level,  also  coordination  is  excellent,  and  with 
the  advent  of  electronic  communications,  for  example,  scientists 
and  science  managers  are  in  touch  almost  in  real  time  and  continu- 
ously. 
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Mr.  Brown.  Would  you  consider  that  that  abihty  to  be  in  al- 
most— in  touch  in  almost  real  time  to  be  a  significant  factor  in  the 
quality  of  the  coordination  that  takes  place? 

Dr.  Patrinos.  Absolutely,  Mr.  Chairman.  Absolutely. 

Mr.  Brown.  You  see,  I  have  had  the  opportunity  to  be  intimately 
involved  with  the  organization  of  complex  projects  at  the  Federal 
level  for  30  years,  and  I  have  studied  intensively  the  problems  in 
the  period  for  the  previous  20  years  before  that,  and  there  was  al- 
ways a  struggle  between  agencies.  A  classic  one  is  between  the  De- 
partment of  Agriculture  and  the  Department  of  NIH  on  just  how 
to  conduct  human  nutrition  studies.  They  never  really  got  their  act 
together  and  that  is  far  less  complex  than  this. 

I  am  willing  to  accept  in  good  faith  what  you  tell  me,  but  I  would 
feel  better  if  you  would  reveal  to  me  that  there  is  a  little  bit  of  ten- 
sion here  occasionally. 

Dr.  Patrinos.  I  would  be  glad  to  do  that.  Certainly  I  think  there 
is  tension,  but  the  tension  is  what  I  would  consider  very  healthy. 
It  represents  different  cultures,  scientific  and  research  cultures  and 
technological  cultures,  and  they  both — in  this  case,  the  NIH  and 
the  DOE — bring  in  their  individual  strengths  and  nuances  to  the 
program  that  further  enriches  it  and  makes  it  much  more  vibrant. 
It  is  essentially  greater  than  the  sum  of  the  individual  parts. 

I  mentioned,  for  example,  the  strength  that  the  Department 
brings  through  its  national  laboratories,  the  multidisciplinary  and 
interdisciplinary  teams  that  can  be  brought  to  bear  on  a  problem 
such  as  the  sequencing,  which  requires  a  lot  of  repetitive  activities, 
for  example,  where  the  laboratories  are  ideally  situated  to  do  it, 
whereas  the  NIH  is  obviously  much  better  in  the  disease-hunting 
activity.  So  that  marriage  of  capabilities  and  backgrounds  makes  it 
a  strong  program. 

Mr.  Brown.  I  will  confess  to  you,  I  haven't  read  the  Memoran- 
dum of  Understanding.  Does  it  attempt  to  clarify  distinctions  as  to 
the  roles  of  the  two  agencies  based  upon  some  areas  of  expertise 
or  some  other  way  in  which  you  can  say  this  is  my  part  of  the  pie 
and  this  is  your  part  of  the  pie? 

Dr.  Patrinos.  I  will  let  my  colleague,  Dan,  who  is  more  familiar 
with  the  Memorandum  respond  to  you,  Congressman. 

Dr.  Drell.  It  is  a  pleasure  to  be  here,  first  of  all.  Thank  you  very 
much.  That  Memorandum  of  Understanding  was  done  in  1988  and 
a  lot  has  happened  since  then.  At  the  time,  only  in  the  broadest 
terms  were  areas  of,  for  want  of  a  better  word,  turf  defined  there, 
and  so  much  has  happened  since  then  that  I  think  it  is  hard  to  go 
back  to  that  MOU  and  its  exact  language. 

Mr.  Brown.  Well,  I  won't  belabor  this  point,  but  I  am  interested 
in  following  this.  If  it  truly  is  a  paradigm  for  organization  of  com- 
plex projects,  I  got  a  lot  more  complex  projects  I  want  to  apply  that 
paradigm  to. 

I  thank  you,  Madam  Chair. 

Mrs.  Lloyd.  Thank  you  very  much,  Mr.  Brown. 

Mr.  Fawell. 

Mr.  Fawell.  Thank  you.  Madam  Chairman. 

I  did  fully  read  your  statement  last  night.  It  was  interesting 
reading.  When  I  said  I  know  I  would  learn  a  lot  from  this  hearing, 
it  is  because  I  start  with  not  that  much  knowledge,  but  I  refer  you 
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to  page  4  of  your  statement,  and  you  refer  there  to  the  very  wide 
range  of  potential  ELSI  issues,  and  there  is  quite  a  wide  range  that 
you  set  forth,  but  you  also  make  references  to  lessons  from  past 
uses  and  misuses  of  genetic  information. 

Could  you  elucidate  a  bit  on  that?  Where  have  we  stumbled  and 
fallen  and  learned  lessons  from  the  past?  Not  too  great  a  past,  I 
gather,  that  we  are  referring  to. 

Dr.  Patrinos.  No,  it  isn't,  and  I  will  also  allow  Dr.  Drell  to  re- 
spond. 

Dr.  Drell.  A  lot  of  medical  information  has  a  genetic  component. 
That  has  become  a  lot  clearer  in  recent  years  as  our  tools  for  ana- 
lyzing the  genome  and  its  parts  have  improved.  What  that  phrase 
refers  to  is  the  fact  that — well,  two  things  really,  but  one  is,  and 
I  can  give  you  one  just  extreme  example  as  a  case  study. 

In  the  early  1930s  in  Germany,  some  pretty  horrific  things  were 
done,  in  part  based  on  perceived  genetic  and — well,  largely  genetic 
differences  between  peoples.  It  was  felt  back  then  that  the  Jews 
were  genetically  different  and  something  pretty  extreme  had  to  be 
done  about  that.  We,  of  course,  are  horrified  by  that  example  ever 
since. 

We  don't  view  with  calm  the  idea  of  genetics  being  used  to  dis- 
criminate between  people  based  on  something  over  which  someone 
has  no  control,  and  that  is  one  of  the  explicit  aims  of  the  ELSI  pro- 
gram at  both  agencies  is  to  try  and  avoid  that. 

Mr.  Fawell.  Is  there — I  imagine  there  are  a  number  of  groups 
that  have  publicly  organized  and  resist  this  kind  of  research  on  the 
assumption  that  it  can  lead  to  an  uncontrollable  kind  of  science. 

Do  I  make  myself  clear? 

Dr.  Patrinos.  We  have  not  really  experienced  any  such  opposi- 
tion in  all  the  various  activities  associated  with  this  program.  We 
have  done  a — we  believe,  a  very  thorough  job  educating  the  public 
and  policy-makers  on  what  can  and  cannot  be  expected  as  a  result 
of  this  research,  and  I  think  the  reaction  we  are  getting  from  the 
public  has  been  a  very,  very  positive  one. 

The  biology  curricula  that  we  developed  with  emphasis  on  the  ge- 
nome program  that  is  now,  in  fact,  being  translated  into  Spanish 
and  introduced  into  the  Los  Angeles  school  system,  the  use  of  the 
primer  on  human  genetics  that  is  now  in  the  INTERNET,  for  ex- 
ample, and  accessed  by  many  thousands  of  people,  I  think  the  con- 
certed effort  that  this  program  is  making  to  educate,  not  just  the 
scientists  and  the  policy-makers,  but  the  general  public,  has  had  a 
very  positive  effect  and  has  avoided  the  type  of  problem  you  have 
alluded  to.  We  have  not  experienced  any  such  reaction. 

Mr.  Fawell.  I  may  be  mixing  up  science  here,  but  in  a  trip  I 
made  several  years  back,  there  were  some  references  to  genetic  en- 
gineering that  would  allow,  for  lack  of  any  better  phraseology  than 
this  lajrman  can  come  up  with,  microbes  that  could  aid  in  waste 
cleanup,  things  of  this  sort  by  genetic  changes.  Is  that — or  am  I 
mixing  this  up  with  some  other  endeavors? 

Dr.  Patrinos.  I  don't  think  you  are  mixing  it  up,  but  you  are  re- 
ferring to  one  of  the  applications  of  the  human  genome  program  or 
the  microbial  genome  initiative,  in  fact,  that  we  have  also  launched 
this  last  year,  the  ultimate  application  of  the  knowledge  and  the 
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technology  that  we  developed  in  the  course  of  this  particular  pro- 
gram. 

And  naturally  the  issue  that  you  raised  about  introducing  geneti- 
cally-engineered microorganisms  for  a  variety  of  applications  is 
something  that  needs  to  be  deliberated  and  debated. 

ELSI  is  in  fact  one  of  the  mechanisms  that  does  just  that,  and 
also  the  new  Bioethics  Advisory  Commission  that  the  White  House 
plans  to  introduce. 

I  think  only  in  the  deliberation  and  the  debate  can  we  sort  some 
of  those  issues,  but  I  don't  consider  that  there  is  a  massive  opposi- 
tion to  some  of  those  applications.  There  may  be  some  questions 
and  some  doubts,  but  they  need  to  be  addressed,  debated,  and  de- 
liberated. 

Mr.  Fawell.  Are  there  some  areas  of  genetic  research  at  this 
time  that  an  entity  interested  in  the  ethical  aspect  may  be  closely 
watching,  overseeing,  indeed,  recognizing  that  the  potential  of  pub- 
lic misunderstanding  or  otherwise  engendering  some  public  resist- 
ance might  come  more  so  in  one  area  than  another? 

In  your  statement,  you  referred  to  certain  worms  being  basically 
changed  genetically,  and  I  assume  if  they  are  changed  genetically, 
maybe  they  will  do  something  that  is  quite  helpful  to  science,  et 
cetera,  et  cetera. 

So  are  you  taking  special  areas  and  saying,  we  do  want  to  keep 
abreast  of  what  is  happening  here? 

Dr.  Patrinos.  Absolutely,  we  should  keep  abreast,  particularly 
those  aspects  that  deal  with  human  genetics  and  the  possible  mis- 
uses, like  Dr.  Drell  referred  to,  whether  it  is  for  insurance  reasons 
or  for  employment  reasons.  These  are  issues  that  need  to  be 
watched  very,  very  carefully. 

Mr.  Fawell.  What  about  genetic  changes  that  may  cause 

Dr.  Patrinos.  Those  as  well.  They  are  issues  that  are  in  the 
agenda,  so  to  speak,  of  the  ELSI  activities,  yes. 

Mr.  Fawell.  Well,  I  thank  you  very  much.  There  is  much  I  need 
to  better  understand  all  of  this,  but  it  is  immensely  interesting  and 
I  thank  you  for  your  testimony. 

Dr.  Patrinos.  My  pleasure. 

Mrs.  Lloyd.  Thank  you  very  much,  Mr.  Fawell.  At  this  point,  we 
are  going  to  break  the  hearing  for  about  one  minute  because  our 
photographer  is  here,  and  Mr.  Fawell  and  I  would  like  some  pic- 
tures with  our  distinguished  witnesses  this  afternoon.  So  we  ask 
for  the  indulgence  of  the  audience. 

[Off  the  record.] 

Mrs.  Lloyd.  Dr.  Patrinos,  I  am  sure  you  are  aware  this  is  the 
second  hearing  on  human  genome  issues  that  we  have  called,  and 
our  attention  really  surfaced  on  the  moral  and  ethical  and  the  legal 
questions  as  a  result  of  the  fallout  on  the  research  and  develop- 
ment technologies  that  were  used  in  our  nuclear  medicine  ad- 
vances, and  I  for  one  am  alive  because  of  advances  in  nuclear  medi- 
cine. 

I  am  sure  that  I  am  not  the  only  one  in  this  room  that  we  have 
been  touched  with  the  good  things  that  have  happened,  and  it 
seems  to  me  that  I  wanted  to  make  sure  that  we  didn't  find  our- 
selves 20  years  from  now  involved  in  some  similar  controversy  as 
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a  result  of  the  good  work  that  you  are  doing  in  this  field  of  re- 
search. 

It  seems  to  me  that  the  world  community  will  certainly  make  the 
determination  of  how  far  that  we  will  go  in  this  very  valuable  re- 
search that  will  not  only  increase  the  quality  of  life,  but  the  expect- 
ancy of  life-span  as  well. 

To  what  extent  is  DOE  encouraging  meetings,  seminars  to  really 
let  the  American  people  know  what  we  are  trying  to  do,  to  stimu- 
late the  tjrpe  of  thoughtful  public  debate  instead  of  a  hysterical  or 
emotional  response?  This  is  what  I  hope  is  not  happening. 

Dr.  Patrinos.  As  I  mentioned  earlier  in  my  remarks  in  answer 
to  Congressman  Brown,  this  is  one  of  the  programs  that  is  a  para- 
digm for  interagency  collaboration,  as  well  as  integration  in  the  sci- 
entific community  and  with  the  general  public,  the  investments  we 
have  made  in  education,  whereas  the  example  such  as  the  curricula 
that  we  have  developed,  the  public  meetings  that  we  have  spon- 
sored  

Mrs.  Lloyd.  I  was  referring  to  the  public  participation,  the  pub- 
lic participation  in  the  seminars  so  there  would  be  an  understand- 
ing not  only  interagency,  but  with  the  taxpayers. 

Dr.  Patrinos.  Very  much  so.  There  is  a  very  strong  public  com- 
ponent, primarily  because  of  the  ELSI  angle,  and  this  program  in 
many  respects  was  a  pioneer  because  it  anticipated  the  ethical, 
legal,  and  social  issues  that  were  associated  with  human  genetics 
and  the  mapping  of  the  human  genome,  and  consequently,  before 
it  even,  I  would  say,  sequenced  the  very  first  base  pair,  dealt  with 
the  issue  of  information  and  communication  to  the  public,  of  build- 
ing essentially  the  public's  support,  so  that  when  this  program 
was — finally  took  off  in  terms  of  advances  and  in  terms  of  applica- 
tion, the  field  was  fertile  for  a  better  understanding  and  a  better 
convincing  of  the  public  of  the  value  of  the  program  and  of  its  po- 
tential contributions. 

Mrs.  Lloyd.  Dr.  Drell,  would  you  like  to  comment? 

Dr.  Drell.  I  would  just  cite  a  couple  of  things  that  our  ELSI  pro- 
gram has  done  towards  what  you  raised.  We  have  sponsored  for 
several  years  a  series  of  seminars  at  the  Cold  Spring  Harbor  Lab- 
oratories DNA  Learning  Center  expressly  for  public  policy-makers. 
I  know  several  members  of  the  staffs  of  some  House  and  Senate 
Members  have  attended  those  seminars  to  be  introduced  in  a  s)mi- 
pathetic  way  to  what  DNA  is  and  how  one  studies  it. 

We  have  contributed,  along  with  a  number  of  other  agencies,  and 
I  expressly  include  NIH  in  this,  to  some  public  TV  documentaries 
that  have  been  broadcast.  Dr.  Patrinos  mentioned  the  high  school 
curriculum.  If  you  want  to  have  impact,  high  school  is  a  good  place 
to  have  it.  That  curriculum  has  been  mailed  to  some  50,000  biology 
teachers,  and  we  are  getting  a  variety  of  reports  back  on  its  use 
and  effectiveness. 

This  is — I  would  only  say  one  more  thing,  which  is,  this  is  an 
area  of  enormous  importance  to  us  and  we  devote  a  fair  amount 
of  our  ELSI  efforts  to  it.  It  is  just  too  important  not  to. 

Mrs.  Lloyd.  Thank  you  very  much.  You  mentioned  that — and  I 
agree  with  you.  Certainly  our  DOE  labs  are  the  perfect  foundation 
to  do  the  kind  of  research  that  you  are  doing,  and  I  just  couldn't 
agree  with  you  more. 
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How  do  we  involve  the  labs?  Do  you  base  it  on  what  you  antici- 
pate their  experience  could  be  or  their  past  experience,  or  how  do 
you  decide  on  the  allocation  of  tasks  and  funding  in  this  work? 

Dr.  Patrinos.  As  you  have  referred  to  in — earlier,  Madam  Chair- 
man, the  national  laboratories  and  the  Department  of  Energy  has 
been  involved  in  the  studies  of  health  effects  of  energy  production 
and  use,  including  ionizing  radiation  for  many,  many  years,  in  fact, 
decades.  In  fact,  that  is  where  the  whole  field  of  nuclear  medicine 
sprang  from. 

So  the  national  laboratories  had  excellent  biology  core  com- 
petencies, I  would  say,  to  use  the  vernacular  of  our  current  system. 
So  consequently,  those  core  competencies  were  applied  immediately 
to  the  challenges  of  the  human  genome  program  because  of  the  ex- 
istence of  the  multidisciplinary  and  interdisciplinary  team  at  the 
laboratories,  the  computing  infrastructure  that  helped 
enviroinformatics,  the  biology  development  that  became  imperative 
for  improvements  in  sequencing  and  mapping.  It  was  just  a  natural 
match. 

We  also  made  sure  that  the  science  that  was  pursued  at  the  na- 
tional laboratories  in  mapping  and  sequencing  and  associated  stud- 
ies was  peer  reviewed  to  the  highest  possible  standards.  We  insti- 
tuted competitive  procedures  so  that  the  very  best  scientists  in  the 
labs  were  the  ones  that  ended  up  being  funded  to  pursue  this  re- 
search, and  we  are  very,  very  proud  of  the  high  quality  and  the 
peer  reviewable  activities  that  we  have  instituted  in  the  labs  to 
make  sure  that  it  essentially  did  the  job  in  the  most  cost-effective 
fashion. 

Mrs.  Lloyd.  So  you  are  not  only  targeted  on  labs,  but  you  target 
in  on  the  individual  scientist  as  well? 

Dr.  Patrinos.  Absolutely.  Very  much  so. 

Mrs.  Lloyd.  That  is  very  good.  How  much  do  you  believe  that 
scientists  should  be  involved  in  understanding  the  societal  impacts 
of  their  research  and  how  should  they  be  involved  with  looking  at 
the  ramifications  of  genetic  research? 

Dr.  Patrinos.  To  me  there  is  really  not  a  significant  difference 
between  a  scientist  and  a  bioethicist.  In  fact,  I  would  argue  that 
most  scientists  are  bioethicists,  just  as  bioethicists  are  scientists. 
So  I  am  very  much  for  a  broad  participation  of  both  scientists, 
practicing  scientists  and  lay  public  representatives  in  the  delibera- 
tions and  debates  associated  with  the  ELSI  issues. 

I  would  want  to  see  the  scientists  very  actively  involved  in  deal- 
ing with  these  perhaps  thorny  issues  associated  with  the  ethical, 
legal,  and  social  implications  of  the  human  genome  program. 

Mrs.  Lloyd.  You  indicated  that  these  issues  become  very  com- 
plex and  we  are  going  to  have  to  find  answers. 

How  do  we  go  about  developing  our  answers? 

Dr.  Patrinos.  The  answers  to  many  of  the  ethical,  legal,  and  so- 
cial problems  can  only  be  arrived  at  through  active  deliberation 
and  debate  in  bodies  such  as  the  ELSI  working  group  that  we  have 
and  the  National  Bioethics  Advisory  Commission  that  the  White 
House  is  proposing. 

It  is  also  arrived  at  through  groups  like  the  National  Academy 
of  Science,  for  example,  that  dealt  with  the  issue  of  implications  for 
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health  and  social  policy  of  genetic  risk.   I  guess  my  answer  is 
through  debate,  deliberation,  and  hard  work. 

Mrs.  Lloyd.  Do  you  see  us — do  you  anticipate  any  problems  that 
we  can't  fix?  Are  we  getting  into  areas  where  we  are  going  to  have 
problems  with  discrimination,  with  insurance  and  employment? 

Dr.  Patrinos.  There  are  potential  problems,  but  they  are  not  in- 
surmountable problems,  and,  as  I  mentioned  earlier,  they  are  prob- 
lems that  are  with  us  and  will  be  with  us  regardless  of  what  we 
have  done  in  the  human  genome  program. 

They  deal  with  medical  genetic  records.  Even  if  we  didn't  have 
the  human  genome  program,  we  would  be  wrestling  with  these 
problems  anyway. 

However,  the  human  genome  program  is  the  one  that  offers  at 
least  some  hope  that  we  will  be  able  to  realistically  arrive  at  some 
of  the  solutions  to  these  very  thorny  problems  in  terms  of  cures 
and  prevention. 

Mrs.  Lloyd.  I  don't  think  that  I  have  personally  arrived  at  a 
straight  road  in  my  own  philosophy.  As  a  researcher,  I  know  that 
I  want  you  to  continue,  I  want  you  to  continue  doing  the  good  work 
that  you  are  doing,  but  somewhere  along  the  line,  when  do  we  say 
that,  how  much  is  it  going  to  affect  an  individual's  life? 

For  instance,  in  breast  cancer.  Dr.  King  is  going  to  discuss  with 
us  a  little  bit  later  on,  how  do  you  say,  well,  I  dcn't  think  it  is  real- 
ly going  to  affect  you?  Or  does  somebody  have  to  carry  the  mantle 
around  the  rest  of  their  life  that  they  could  be  a  potential  victim? 
It  is  troubling  to  me. 

Dr.  Patrinos.  I  agree  that  this  is  a  very  tough  problem,  and  it 
does  raise  some  serious  questions  that  we  will  have  to  deal  with 
and  deal  with  very  quickly  as  we  discover  more  and  more  disease 
genes,  particularly  for  diseases  that  we  can  offer  very  little  hope 
in  terms  of  cures. 

I  admit  that  this  is  an  issue  that  is  a  thorny  one  and  needs  to 
be  debated  and  discussed  and  dealt  with  somehow.  I  am  not  belit- 
tling its  importance  or  its  potential  complication.  It  is  just  that  I 
don't  see  any  alternative  to  pursuing  full  speed  ahead  in  terms  of 
the  objectives  and  the  goals  of  the  human  genome  program,  be- 
cause in  its  success  lies  the  promise  of  some  solution. 

Mrs.  Lloyd.  Great  breakthroughs  for  a  better  life. 

Dr.  Drell,  do  you  have  further  comments? 

Dr.  Drell.  I  was  just  going  to  extend  a  point  that  Dr.  Patrinos 
made  about  scientists  and  bioethicists.  Some  of  these  issues  require 
some  technical  understanding  and  input,  and  that  to  me  is  a  very 
strong  guide,  that  the  scientists  who  are  part  of  the  genome  pro- 
gram and  the,  I  hate  the  term,  but  I  am  going  to  use  it  anyway, 
the  ELSI  types  who  are  also  part  of  the  genome  program  have  to 
talk,  communicate,  converse,  and  work  together,  otherwise  what- 
ever emerges  from  the  program  is  just  not  going  to  be  as  robust 
as  we  would  like  it  to  be. 

And  also  some  of  the  problems  that  we  are  talking  about  go  far 
beyond  any  one  community,  and  so  the  research  on  them  and  the 
admittedly  very  complex  process  of  responding  to  them  has  to  be 
an  inclusive  one  far  beyond  what  the  people  currently  considered 
part  of  the  genome  program. 
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Mrs.  Lloyd.  I  thank  you  very  much,  and  I  would  like  to  recog- 
nize Mr.  Ehlers  for  any  comments  he  might  have  at  this  time. 

Mr.  Ehlers.  None  at  this  time.  Thank  you. 

Mrs.  Lloyd.  We  will  be  submitting  additional  questions  in  writ- 
ing for  you  for  the  record  for  this  hearing.  In  the  interest  of  time, 
so  that  I  can  hear  from  all  the  other  witnesses,  I  want  to  thank 
you  so  very  much  and  I  wish  you  both  well.  Thank  you  very  much. 

We  would  at  this  time  like  to  welcome  Dr.  Mary-Claire  King, 
Professor  of  Genetics  at  the  University  of  California  in  Berkeley, 
Dr.  Neil  Holtzman,  Johns  Hopkins  Medical  Institutions,  Dr.  Ellen 
Wright  Cla3rton,  Assistant  Professor  of  Pediatrics  and  of  Law  at 
Vanderbilt  University,  Dr.  Robyn  Nishimi,  Senior  Associate  at  the 
U.S.  Office  of  Technology  Assessment  here  in  Washington. 

We  will  listen  to  all  of  your  testimony  before  we  begin  our  ques- 
tioning. So,  again,  I  look  forward  to  hearing  from  all  of  you.  I  want 
to  thank  you  for  being  here  and  extend  to  you  a  warm  welcome. 

Dr.  King. 

STATEMENTS  OF  DR.  MARY-CLAIRE  KING,  UNIVERSITY  OF 
CALIFORNIA,  BERKELEY,  CA;  DR.  NEIL  HOLTZMAN,  M.D., 
M.P.H.,  JOHNS  HOPKINS  MEDICAL  INSTITUTIONS,  BALTI- 
MORE, MD;  DR.  ELLEN  WRIGHT  CLAYTON,  ASSISTANT  PRO- 
FESSOR OF  PEDIATRICS  AND  OF  LAW,  VANDERBILT  UNIVER- 
SITY, NASHVILLE,  TN;  AND  DR.  ROBYN  NISHIMI,  SENIOR  AS- 
SOCIATE, OFFICE  OF  TECHNOLOGY  ASSESSMENT,  WASHING- 
TON, DC 

Dr.  King.  Thank  you  very  much,  Mrs.  Lloyd.  It  is  an  honor,  al- 
most beyond  even  my  power  to  come  up  with  words  to  tell  you 
what  a  pleasure  it  is  to  appear  before  your  committee,  and  indeed 
to  appear  before  you  who  have  been  so  supportive  of  this  research 
from  the  beginning. 

I  would  like  to  spend  a  very  few  minutes  telling  you  a  little  bit 
about  the  history  of  the  search  for  genes  that  influence  high  risks 
of  breast  cancer,  what  the  current  breakthrough  may  suggest,  and 
then  what  you  as  a  mother  and  grandmother  and  I  as  a  mother 
might  do  about  it. 

As  you  are  very  well  aware,  180,000  women  in  America  will  de- 
velop breast  cancer  this  year.  Forty-four  thousand  women  in  Amer- 
ica will  die  of  breast  cancer  this  year.  In  the  20  years  or  so  I  have 
been  working  on  this  disease  and  the  time  you  have  been  in  the 
House,  1  million  women  have  died  of  breast  cancer.  Everything 
that  I  have  done  in  my  career  in  this  field  has  been  devoted  to  the 
hope  that  we  will  be  able  to  preclude  the  next  million  deaths  over 
the  next  20  years. 

About  20  years  ago,  when  I  was  a  post  doctoral  fellow  at  the  Uni- 
versity of  California  in  San  Francisco,  I  decided  that  I  would  try 
to  focus  on  unusual  families  in  which  breast  cancer  appeared  to  be 
so  common  that  it  was  plausible  to  think  that  perhaps  suscepti- 
bility to  the  disease  was  being  passed  from  parents  to  children, 
that  susceptibility  possibly  being  inherited  either  through  the 
mother  or  the  father's  line,  although,  of  course,  only  women  were 
developing  the  disease. 

This  was  an  unusual  tack  to  take  because  such  families  account 
for,  oh,  5,  10  percent  of  breast  cancer  at  most.  Cancer  is  always  ge- 
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netic,  of  course,  in  the  sense  that  cancer  always  involves  changes 
in  the  DNA,  but  usually  in  the  vast  majority  of  cases  all  of  those 
changes  are  purely  at  the  level  of  the  target  tissue,  purely  in  the 
breast,  purely  in  the  ovary,  purely  in  the  prostate  and  so  on,  and 
don't  involve  inherited  alterations.  But  in  these  unusual  families, 
it  seemed  plausible  to  suspect  that  perhaps  some  mutations  were 
being  inherited. 

Well,  it  took  17  years  to  demonstrate  that  point  to  a  reasonable 
degree  of  proof,  and  in  1990  my  group  was  able  to  demonstrate 
that  there  was  a  gene  on  human  chromosome  17  that  does,  indeed, 
predispose  women  in  these  very  unusual  families  to  breast  and  to 
ovarian  cancer. 

That  set  off  what  became  known  on  the  street  as  the  race  for  the 
gene,  and  just  this  last  week,  friends  and  competitors  of  mine  at 
the  National  Institute  for  Environmental  Health  Sciences,  a  branch 
of  NIH  in  North  Carolina,  at  the  University  of  Utah  and  at  Myriad 
Genetics  announced  that  they  had  identified  the  gene  itself,  that 
they  had  actually  cloned  the  gene,  that  this  Friday  we  will  all  learn 
what  the  sequence  of  their  gene  is  and  we  will  be  in  a  position  to 
confirm  their  work.  I  have  every  anticipation  that  we  will  confirm 
their  work,  and  this  gene  that  we  have  all  been  hunting  for  for  four 
years  and  I  have  been  hunting  for  for  20  will  have  been  found. 

Mrs.  Lloyd.  I  just  must  say  that  I  still  give  you  the  credit,  so 
it  is  all  right  with  me. 

Dr.  King.  Tell  it  to  my  mom.  That  is  the  fantasy,  the  race  for 
the  gene  and  the  finding  of  the  gene  and  The  New  York  Times  and 
glamour  girl  and  all  the  rest  of  it. 

The  reality  is  that  we  still  don't  have  a  cure.  We  are  all,  in  ge- 
netics, acutely  aware  of  that  wonderful  speech  from  Winston 
Churchill  at  the  end  of  the  Battle  of  Britain  in  which  he  said  this 
is  not  the  beginning  of  the  end.  This,  however,  may  be  the  end  of 
the  beginning,  and  that  what  we  need  to  do  now  is  use  this  new 
information  to  move  forward. 

What  can  we  do  with  this  information?  I  think  there  are  three 
kinds  of  things  we  can  do.  First,  we  can  develop  a  very  early  diag- 
nostic tool  for  breast  cancer.  How?  The  rationale  here  is  that  this 
gene  which  has  inherited  mutations  in  families  may  also  be  a  gene 
that  is  critical  to  breast  cancer  development  and  ovarian  cancer  de- 
velopment in  all  of  us,  in  all  women  who  are  at  high  risk  of  this 
disease,  and  indeed  we  are  all  at  high  risk  of  this  disease. 

If  we  can  identify  those  changes  specific  to  the  breast  and  ovary 
very  early  on  in  their  development,  before  they  can  be  identified 
even  by  the  best  mammogram,  then  we  can  treat  breast  cancer  in 
the  same  way  that  cervical  cancer  can  now  be  treated;  that  is,  be- 
fore it  becomes  an  invasive  disease.  One  can  remove  the  malignant 
cells  with  a  minimally  invasive  procedure.  The  woman  goes  on  with 
her  life.  The  threat  of  breast  cancer  is  no  longer  a  death  threat. 

Second,  we  can  use  this  information  to  target  malignant  cells  for 
women  who  have  escaped  the  kind  of  early  diagnosis  that  we  hope 
to  be  able  to  put  into  place  in  the  long  run,  and  if  we  can  target 
cells  better,  we  can  use  pharmacologic  agents  more  effectively. 

Now,  of  course,  chemotherapy  consists  of  trying  to  kill  the  cancer 
before  you  kill  the  patient.  It  would  be  enormously  beneficial  to  be 
able  to  target  the  chemotherapy  specifically  to  the  kinds  of  lesions 
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that  are  involved  and  the  specific  cells  that  are  involved.  Molecular 
genetic  information  gives  us  the  capacity  to  do  that. 

And  third,  I  would  like  to  develop  a  cure.  I  would — in  genetics 
terms  what  that  means  is  we  want  to  reverse  the  effect  of  what 
this  gene  has  done. 

Now,  one  might,  in  a  comic  book  world,  call  that  genetic  engi- 
neering. It  is  in  the  sense  that  in  the  human  genome  project,  what 
genetic  engineering  includes  is  the  ability  to  use  genetic  informa- 
tion and  to  introduce  a  normal  sequence,  and  consequently,  the 
ability  to  make  a  normal  gene  product  into  the  breast  cells,  into  the 
ovarian  cells  where  formerly  that  product  was  no  longer  being 
made  properly  because  of  the  beginning  of  the  tumor. 

It  is  very  difficult  to  do  that.  I  don't  have  a  clue  yet.  We  don't 
even  know  what  this  gene  does.  I  don't  have  a  clue  yet  how  we  are 
going  to  do  it  in  terms  of  the  specific  biology  of  this  gene.  However, 
the  tools  that  we  are  developing  in  the  human  genome  project  are 
going  to  give  us  the  capacity  to  do  it. 

So  what  we  have  done  so  far  is  link  the  human  genome  project's 
tools  for  identifying  the  existence  of  genes  in  families,  cloning  the 
genes  in  the  families,  to  the  biology  of  this  disease.  What  we  now 
need  to  do  is  to  link  the  just  now  being  developed  tools  of  gene 
therapy  in  the  human  genome  project  to  the  biology  of  this  disease. 
That  is  the  marriage  of  the  next  20  years. 

Now,  what  about  you  and  what  about  me?  My  half  sister  had 
breast  cancer  at  the  same  age  that  you  had  breast  cancer  yourself. 
What  should  we  be  recommending  to  our  daughters,  to  your  grand- 
daughters? The  demand  for  knowing  whether  a  woman  carries  a 
mutation  in  this  first  breast  cancer  gene  that  has  been  identified 
is,  I  think,  going  to  be  enormous. 

There  are  probably  over  half  a  million  women  in  America  who 
will  develop  breast  cancer  at  some  time  in  their  lives,  or  have  al- 
ready, because  they  have  inherited  susceptibility  to  this  disease. 
Now,  while  that  is  a  very  small  fraction  of  all  the  breast  cancer 
that  there  is,  that  is  still  a  very  large  number  of  women,  and  of 
course,  since  the  presence  of  the  gene  may  be  hidden  if  it  comes 
in  from  the  father's  side  and  if  the  family  is  small,  even  a  family 
in  which  there  is  no  apparent  family  history  of  the  disease  may  be 
one  in  which  inherited  mutations  appear.  So  what  is  to  be  done? 

My  own  sense  right  now  is  that  we  don't  know  nearly  enough  yet 
about  this  gene  for  this  information  to  be  useful.  If  I  take  a  sample 
of  your  blood  now  and  test  for  the  presence  of  mutations  in  this  se- 
quence, and  I  will  on  Friday  be  able  to  do  that,  either  one  of  two 
things  will  happen. 

Either  I  won't  find  a  mutation,  or  I  will  find  a  mutation.  If  I  do 
not  find  a  mutation  in  your  DNA  sequence  at  this  particular  ge- 
netic locus,  it  doesn't  necessarily  mean  that  you  don't  have  a  muta- 
tion. It  just  means  that  my  capacity  to  find  it  is  not  perfect  and 
it  is  going  to  be  quite  awhile,  probably  a  couple  of  years,  before  we 
get  to  the  point  that  we  feel  reasonably  certain  that  we  are  able 
to  pick  up  all  the  mutations  that  there  are.  But  it  is  still  only  rea- 
sonably certain. 

On  the  other  hand,  suppose  I  do  find  a  mutation.  What  does  that 
mean?  We  don't  know.  WTiat  we  know  is  that  for  a  small  number, 
maybe  a  few  hundred  very  high-risk  families,  which  groups,  albeit 
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competitive,  but  at  this  point  collective,  experience  indicates  have 
an  indeed  extremely  high  risk  of  breast  cancer,  we  know  that 
among  young  women  in  those  families,  the  risk  of  breast  cancer  is 
extremely  high.  Do  we  know  that  your  daughter's  risk  is  com- 
parably high?  No,  we  don't  know,  even  if  we  find  a  mutation  in 
your  sequence.  We  need  to  do  a  good  more  genetics  and  epidemiol- 
ogy before  we  know  what  risk  is  associated  with  what  mutations. 

Suppose  that  we  even  have  virtual  complete  certainty  that  we — 
that  you  do  not  have  a  mutation  in  this  gene.  There  is  BRCA2. 
What  about  that  gene?  It  is  not  identified  yet.  We  know  it  exists, 
but  we  don't  have  it  in  hand.  We  know  that  there  are  other  genes 
for  predisposition  to  breast  cancer,  so  my  plea  to  young  women  now 
is,  give  the  science  a  little  time.  Join  the  hunt.  Join  the  search. 
Don't  make  any  decisions  now  that  are  irremediable  because  this 
field  is  not  going  to  be  static.  This  field  is  going  to  move  very  fast, 
and  over  the  next  years,  we  hope  to  be  able  to  offer  interventions 
to  women  that  are  far  more  acceptable  and  far  less  drastic  than  the 
current  interventions  that  are  available. 

Thanks. 

Mrs.  Lloyd.  Thank  you  so  very  much  for  your  excellent  testi- 
mony. 

Dr.  Holtzman,  we  look  forward  to  hearing  from  you  also. 

Dr.  Holtzman.  Thank  you,  Mrs.  Lloyd,  and  thank  you  for  giving 
me  the  opportunity  to  discuss  some  of  the  implications  for  society 
of  technological  breakthroughs  in  human  genome  research. 

First,  I  would  like  to  add  my  tribute  to  yours  and  to  that  of  many 
scientists  to  Mary-Claire  King  for  really  pointing  the  way  to  solving 
a  very  difficult  problem  that  many  other  scientists  refused  to  tack- 
le, the  notion  that  one  could  look  for  this — that  there  was  such  a 
gene  and  one  could  look  for  it  was  really  considered  much  too  risky 
for  others  to  undertake.  So  she  may  not  have  been  at  the  finish 
line  first,  but  nobody  would  have  gotten  there  had  it  not  been  for 
her. 

Mrs.  Lloyd.  Thank  you  for  your  comments. 

Dr.  Holtzman.  My  remarks  will  focus  on  new  genetic  tests  made 
possible  by  the  identification  of  genes  that  play  a  role  in  human 
diseases  and,  at  the  beginning  of  her  testimony,  Professor  King 
made  a  distinction  between  the  role  of  genetics  in  virtually  every 
type  of  cancer  and  those  very  few  in  which  a  particular,  and  I  will 
use  this  term  again,  allele  of  a  gene  was  inherited  and  increased 
the  predisposition,  the  susceptibility  to  cancer,  and  that  operates  in 
a  number  of  other  complex  diseases,  and  I  am  going  to  limit  my 
testimony  to  those  inherited  disorders,  the  use  of  genetic  tests  in 
those  inherited  disorders. 

By  way  of  background,  I  am  a  pediatrician  and  geneticist.  Profes- 
sor of  Pediatrics,  Health  Policy,  and  Epidemiology  at  The  Johns 
Hopkins  Medical  Institutions.  I  am  a  member  of  the  Joint  Working 
Group  on  ELSI,  as  you  have  heard  that  defined,  of  both  the  NIH 
and  the  Department  of  Energy.  I  am  also  a  recipient  of  grants  from 
the  ELSI  program  at  NIH  and  much  of  my  research  has  been  at 
the  interface  of  basic  science  and  medical  practice,  attempting  to 
understand  the  role  of  genes  in  disease  and  how  breakthroughs  in 
genetics  reach  the  public  in  the  form  of  tests  for  genetic  disorders. 
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The  discovery  of  a  disease-related  gene  depends  on  finding  vari- 
ant forms  of  the  gene,  alleles,  in  people  with  the  disease  that  are 
absent  in  people  without  the  disease.  Using  recombinant  DNA 
technology,  this  approach  has  yielded  genes  for  cystic  fibrosis,  Hun- 
tington disease,  muscular  dystrophy,  neurofibromatosis.  Fragile  X, 
familial  forms  of  colon  cancer,  melanoma,  and,  as  you  just  heard, 
breast  cancer,  to  name  just  a  few. 

Once  these  disease  alleles  are  identified,  it  is  technically  trivial 
to  devise  probes  that  can  be  used  in  clinical  settings  for  detecting 
healthy  individuals  who  are  going  to  get  the  disease.  Whether  the 
tests  can  attain  this  goal  safely  and  effectively  is  not,  however,  a 
trivial  matter. 

Let  me  explain  why.  The  initial  discovery  of  a  disease-related 
gene  is  made  in  a  few  families,  and  that  certainly  is  the  way  it  was 
for  breast  cancer.  But  will  the  alleles  that  are  associated  with  dis- 
ease in  these  families  be  the  same  ones  as  in  others  with  the  dis- 
ease? Let  me  give  two  examples  that  illustrate  the  problems. 

First,  cystic  fibrosis.  The  alleles  that  proved  the  identity  of  the 
cystic  fibrosis  gene  accounted  for  fewer  than  half  of  all  patients 
with  CF.  To  have  begun  clinical  testing  with  just  these  probes 
would  have  missed  over  half  the  cases.  Today  we  can  detect,  among 
white  populations,  about  90  percent  of  carriers  of  cystic  fibrosis 
alleles,  but  there  are  still  other  questions  that  have  to  be  answered 
before  a  recommendation  for  proceeding  with  routine  screening  is 
made. 

The  second  example  is  breast  cancer,  and  I  could  have  used  colon 
cancer  just  as  well.  Current  estimates  for  both  of  these  cancers  is 
that  only  about  10  percent  of  people  who  will  get  them  have  alleles 
that  greatly  increase  their  risk,  and  the  three  or  perhaps  four 
alleles  that  have  been  discovered  so  far  that  will  be  reported  in 
Science  Magazine  at  the  end  of  this  week  are  certainly  not  the  only 
ones,  as  Professor  King  has  said. 

People  who  test  negative  may  assume  erroneously  that  their  risk 
is  low  and  fail  to  take  other  steps  to  detect  disease  early.  Negative 
genetic  test  results  could  lull  them  and  their  physicians  into  ne- 
glecting the  disease  as  a  possible  cause  when  symptoms  do  appear. 

A  person  from  a  high-risk  family  with  a  negative  test  result  has 
an  appreciably  lower  risk  than  before  testing  and  could  be  spared 
interventions  recommended  for  those  who  test  positive.  This  is  one 
important  benefit  to  women  in  high-risk  families,  but  as  Professor 
King  has  said,  there  are  still  many  unanswered  questions  and  the 
use  of  such  a  test  in  those  families  should  still  be  viewed 
investigationally. 

The  chance  of  missing  people  who  carry  alleles  for  disease,  what 
scientists  call  sensitivity  of  a  test,  is  not  the  only  error  intrinsic  to 
genetic  tests.  People  with  positive  test  results  will  not  always  de- 
velop the  disease  or  have  a  high  risk  of  having  children  with  the 
disease.  Scientists  call  this  the  predictive  value  of  a  positive  test. 

In  high-risk  families  in  which  several  relatives  have  colon  or 
breast  cancer,  people  found  by  testing  to  have  a  susceptibility-con- 
ferring allele  will  not  always  get  the  disease  even  if  they  live  past 
80. 
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Cancer  is  a  complex  disease  in  which  certain  alleles  increase  sus- 
ceptibility, but  other  genetic  as  well  as  dietary  and  environmental 
factors  must  be  present  before  malignant  lesions  appear. 

Our  understanding  of  these  factors  is  rudimentary.  A  woman 
who  is  told  she  has  an  allele  for  breast  cancer  may  decide  to  have 
a  prophylactic  mastectomy,  but  she  may  never  develop  breast  can- 
cer. The  role  of  genes  in  other  common  disorders  such  as  coronary 
artery  disease  and  mental  illnesses  is  also  exceedingly  complex. 

For  single  gene,  what  we  call  Mendelian  genetic  diseases,  a  posi- 
tive result  for  being  a  carrier  of  a  recessive  or  X-linked  disorder  sel- 
dom carries  any  risk  to  the  individual.  For  recessive  disorders,  the 
chance  that  a  carrier  will  have  children  with  a  disorder  depends  on 
his  or  her  partner  also  being  a  carrier.  People  are  not  always  told 
and  may  not  understand  that  a  positive  test  result  does  not  mean 
that  disease  will  occur  in  them  or  in  their  children.  Deficiencies  in 
communication  and/or  understanding  have  been  documented  in 
carrier  screening  for  sickle  cell  anemia,  Tay  Sachs  disease,  and 
cystic  fibrosis. 

Even  when  positive  test  results  carry  a  high  probability  that  dis- 
ease will  appear,  individuals  may  not  necessarily  benefit  from  the 
knowledge.  First  of  all,  there  may  be  little  of  proven  efficacy  that 
can  be  done.  Fran  Visco,  the  President  of  the  National  Breast  Can- 
cer Coalition,  a  consumer  organization,  pointed  out  last  month  that 
a  positive  genetic  test  for  familial  breast  cancer  gives  a  woman  in- 
formation about  her  risk  of  getting  a  disease  for  which  there  is  no 
known  cure  and  which  she  cannot  prevent.  There  are  important 
clues  and  encouraging  findings,  but  still  that  is  the  fact. 

Second,  people  with  positive  test  results  risk  losing  their  health 
insurance  as  long  as  insurers  can  deny  coverage  or  charge  higher 
premiums  to  those  with  preexisting  conditions,  of  which  inheriting 
a  disease  allele  is  one. 

Visco  goes  on  to  say  that  a  genetic  test  for  breast  cancer  may  ac- 
tually do  harm  because  women  who  test  positive  risk  losing  their 
health  and  life  insurance.  Third,  genetic  tests  which  are  not  explic- 
itly included  under  the  Americans  with  Disabilities  Act  could  be 
used  to  deny  jobs,  even  when  a  positive  test  result  does  not  impair 
the  worker's  ability  to  perform  the  job.  Employers  are  also  able  to 
exclude  conditions  for  which  employees  have  positive  genetic  test 
results  from  their  health  benefits. 

Fourth,  genetic  test  results  could  be  communicated  to  relatives 
or  others  without  the  knowledge  and  permission  of  the  person 
being  tested  who  might  be  harmed  as  a  result. 

After  a  disease  gene  has  been  identified,  much  needs  to  be  done, 
therefore,  before  that  discovery  can  be  translated  into  effective  ge- 
netic testing  whose  benefits  outweigh  the  risks.  Despite  lack  of 
data  on  test  sensitivity  and  predictive  value,  on  adverse  reactions 
to  testing,  or  on  the  efficacy  of  follow-up  interventions,  medical  cen- 
ters and  commercial  clinical  laboratories  are  offering  tests  for  colon 
and  breast  cancer  and  Alzheimer's  disease,  to  name  the  more  com- 
mon disorders. 

They  can  do  this  because  the  Food  and  Drug  Administration, 
which  could  require  the  collection  of  such  data  if  the  test  or  its 
components  were  being  sold  to  other  users,  has  little  authority  to 
regulate  laboratories  who  provide  these  tests  as  services.  The  FDA 
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could,  however,  require  these  laboratories  to  participate  in  proto- 
cols to  assess  the  essential  components  of  genetic  testing,  most  of 
which  have  not  been  approved  for  clinical  use.  Unfortunately,  the 
agency  does  not  have  the  resources  to  do  this. 

Nor  is  there  much  assurance  in  most  States  that  the  laboratories 
offering  these  genetic  tests  are  sufficiently  proficient.  People  are 
sometimes  given  wrong  information  because  of  avoidable  mistakes 
in  the  laboratory.  Although  the  Clinical  Laboratories  Improvement 
Amendments  of  1988  provides  a  framework  for  assuring  the  quality 
of  laboratories  performing  genetic  tests,  the  Health  Care  Financing 
Administration,  which  administers  the  Act,  has  not  yet  applied  its 
provisions  to  the  specialty  of  genetic  testing. 

The  decision  of  a  person  to  have  a  genetic  test  is  not  an  easy  one. 
With  doubts  about  the  efficacy  of  interventions  to  prevent  cancer 
or  Alzheimer's  disease,  for  instance,  some  people  would  prefer  not 
to  know  that  they  are  susceptible.  Some  might  fear  losing  their 
health  insurance  if  they  tested  positive. 

Carrier  testing  and  prenatal  genetic  diagnosis  present  people 
with  options  for  avoiding  the  conception  or  the  birth  of  children 
with  serious  genetic  disorders.  But  some  people  will  reject  all  of 
these  options  and  would,  therefore,  prefer  not  to  be  tested.  Geneti- 
cists and  genetic  counselors  who  have  been  trained  to  present  the 
options  in  a  non-directive  manner  are  in  short  supply.  Their  num- 
bers are  unlikely  to  increase  substantially.  Consequently,  non-ge- 
neticist physicians,  especially  primary  care  physicians,  will  increas- 
ingly provide  information  to  patients  about  genetic  testing. 

In  work  supported  by  the  ELSI  program  of  the  National  Center 
for  Human  Genome  Research  of  the  NIH,  my  colleagues  and  I  have 
shown  that  primary  care  physicians  have  significant  gaps  in  their 
knowledge  of  genetics  and  genetic  testing.  Many  of  them  believe  it 
is  appropriate  to  recommend  a  course  of  action  to  their  patients  in 
deciding  to  have  a  prenatal  diagnostic  test. 

With  your  permission,  I  would  like  to  enter  the  published  reports 
of  two  of  our  studies  into  the  record. 

Mrs.  Lloyd.  Without  objection,  it  will  be  made  a  part  of  the 
record. 

[The  information  follows:] 
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Physicians'  Knowledge  of  Genetics  and  Genetic  Tests 

KAREN  I.  HOFMAN,  MD,  ELLEN  S.  TAMBOR.  MA,  GARY  A.  CHASE,  PhD, 
GAIL  GELLER,  ScD,  RUTH  R.  FADEN,  PhD,  MPH,  and  NEIL  A.  HOLTZMAN,  MD,  MPH 


Purpose.  To  assess  primary  care  physicians'  and  psychiatrists' 
knowledge  of  genetics  and  genetic  tests  and  the  factors  asso- 
ciated with  differences  in  these  physicians'  knowledge.  Method. 
Questionnaires  were  mailed  in  1991  to  IjgS  primary  care  physi- 
cians (family  physicians,  internists,  pediatricians,  obstetrician - 
gynecologists)  and  psychiatrists  who  had  graduated  from  medi- 
cal school  between  1950  and  1985  (67.6%  of  the  sample  had 
graduated  after  1970)  and  who  were  members  of  professional 
societies.  The  questions  elicited  demographic  and  practice  char- 
acteristics as  well  as  knowledge  of  genetics  concepts  and  facts 
and  awareness  of  the  availability  of  genetic  tests.  To  validate  the 
questionnaire,  360  medical  geneticists  and  genetic  counselors 
received  questionnaires.  Statistical  analysis  involved  arc-sine 
function  transformation,  f-tests,  analyses  of  variance,  f-tests, 
Tukey's  HSD,  and  stepwise  multiple  regression.  Results.  A 
total  of  1,140  (64.8%)  of  the  non-geneticist  physicians  re- 
sponded. They  correctly  answered  an  average  of  73.9%,  SD, 
13.9%,  of  the  knowledge  items,  compared  with  94.6%,  SD,  4.2%, 


for  the  genetics  professionals  (p  <  .001).  The  most  significant 
predictors  of  knowledge  were  recency  of  graduation  from  medical 
school  and  practicing  in  primary  care  specialties  in  which  expo- 
sure to  genetics  problems  is  likely.  Other  significant  predictors 
(from  most  to  least  important)  were  graduation  from  a  U.S. 
medical  school,  willingness  to  adopt  a  new  predictive  test  before 
it  becomes  standard  practice,  not  using  pharmaceutical  compa- 
nies as  a  source  of  information  about  new  medical  practices,  and 
taking  a  required  genetics  course  in  medical  school.  Conclu- 
sions. The  results  suggest  that  knowledge  of  genetics  and  ge- 
netic tests  is  increasing  among  physicians,  particularly  among 
more  recent  graduates  and  physicians  who  are  exposed  to  ge- 
netics problems  in  their  practices,  but  deficiencies  remain.  Al- 
though a  medical  school  course  in  genetics  may  improve  knowl- 
edge, it  is  not  sufficient.  Greater  emphasis  is  needed  at  all  levels 
of  medical  education  to  reduce  the  chance  of  physician  error  as 
more  genetic  tests  become  available.  Acad.  Med.  68 
(1993):625-632. 


As  the  human  genome  is  mapped, 
tests  to  predict  the  risks  of  many  ge- 
netic and  gene-influenced  diseases 
will  proliferate.  Without  a  marked 
expansion  in  the  training  of  medical 
geneticists  and  master's-level  ge- 
netics counselors,  which  seems  un- 
likely,'"' primary  care  physicians  will 
increasingly  offer  genetic  tests  to 
their  patients.^  Adequate  knowledge 
of  genetics  and  genetic  tests,  includ- 
ing the  ability  to  interpret  probabilis- 
tic information,  is  a  prerequisite  to 
their  ability  to  do  so. 

Little  is  known  about  physicians' 
knowledge  of  genetics*"'  or  their 
awareness  of  the  availability  of  tests 
for  genetic  disorders.'-"  Three  of  the 
available  studies  were  conducted  in 
the  United  States.*'*-'  and  all  but  one' 
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were  performed  before  1981.  All  of 
them  were  limited  to  specific  groups 
of  primary  care  providers  and  did  not 
compare  these  providers'  knowledge 
with  that  of  medical  geneticists. 

The  principal  objective  of  this 
study  was  to  assess  primary  care  phy- 
sicians' and  psychiatrists'  knowledge 
of  medical  genetics  and  the  availabil- 
ity of  genetic  tests.  The  questions 
were  developed  to  elicit  knowledge 
that  geneticists  and  a  panel  of  pri- 
mary care  providers  considered  to  be 
important  for  evaluating  and  coun- 
seling in  a  primary  care  setting  and 
that  did  not  require  advanced  train- 
ing in  genetics.  Psychiatrists  were 
included  because  of  the  increasing 
interest  in  the  role  of  genes  in 
psychiatric  disorders.  We  also  deter- 
mined the  extents  to  which  demo- 
graphic, educational,  and  practice 
characteristics  were  associated  with 
respondents'  knowledge. 


METHOD 


Sample 


A  detailed  description  of  the 
survey  method  appears  elsewhere.' 
Primary  care  physicians  (family 
physicians,  internists,  obstetrician - 
gynecologists,  pediatricians)  and  psy- 
chiatrists were  selected  in  1991  from 


the  American  Medical  Association 
(AMA)  Physician  Masterfile.  Physi- 
cians in  each  specialty  were  sampled 
in  equal  numbers  from  the  following 
states:  California  (Los  Angeles 
County  only),  Illinois,  Maine,  Ne- 
braska, New  York  (upstate  only),  Or- 
egon, Pennsylvania,  South  Carolina, 
Texas,  and  Utah.  (One  state  was  se- 
lected at  random  from  each  of  the  ten 
Genetics  Network  Regions  estab- 
lished by  the  Health  Resources  Ad- 
ministration, U.S.  Department  of 
Health  and  Human  Services.)  In  each 
state,  physicians  within  each  spe- 
cialty who  had  graduated  from  medi- 
cal school  between  1971  and  1985 
were  sampled  in  a  ratio  of  two  to  one 
compared  with  those  who  had  gradu- 
ated between  1950  and  1970.  Partici- 
pation was  invited  only  from  mem- 
bers or  candidate  members  of  the 
following  societies  (as  determined  by 
a  search  of  the  societies'  directories): 
American  Academy  of  Family  Physi- 
cians (AAFP),  American  College  of 
Physicians  (ACP),  American  College 
of  Obstetricians  and  Gynecologists 
(ACOG),  American  Academy  of  Pedi- 
atrics (AAP),  and  American  Psy- 
chiatric Association  (APA).  The 
members  of  these  societies  are  pre- 
dominantly board-certified. 

The   final  sample   included   1,795 
physicians:    358    family    physicians. 
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360  internists,  360  obstetrician - 
gynecologists,  359  pediatricians,  and 
358  psychiatrists.  To  validate  the  sur- 
vey instrument,  180  medical  geneti- 
cists and  180  genetic  counselors  in 
the  same  ten  states  were  sampled 
from  membership  lists  provided  by 
the  American  Board  of  Medical  Ge- 
netics (ABMG). 

Survey  Instrument 

Facts  and  concepts  questions  were  de- 
veloped by  geneticists  and  genetic 
counselors  at  The  Johns  Hopkins 
Medical  Institutions  and  modified 
after  input  from  eight  primary  care 
physicians  (two  from  each  specialty) 
and  two  psychiatrists.  Further  refine- 
ments were  made  after  a  pretest  on  a 
national  sample  of  physicians.'  Ex- 
cept for  some  questions  about  respon- 
dents' demographic  characteristics,  a 
multiple-choice,  yes -no,  or  matching 
format  was  used.  The  questionnaire 
took  approximately  30  minutes  to 
complete. 

The  knowledge  portion  of  the  ques- 
tionnaire consisted  of  two  compo- 
nents: 17  concepts  questions,  of 
which  six  required  pedigree  interpre- 
tation, six  probed  the  understanding 
of  terms,  and  five  determined  famil- 
iarity with  the  use  of  probability  in 
medical  genetics  (of  which  four  re- 
quired some  computation);  nine  facts 
questions,  of  which  three  dealt  with 
characteristics  of  genetic  disorders 
and  six  with  the  availability  of  de- 
oxyribonucleic acid  (DNA)  or  bio- 
chemical tests  for  specific  diseases. 

A  latent-imaging  technique  was 
used  for  a  section  of  the  questionnaire 
dealing  with  cystic  fibrosis.  Using  a 
special  pen,  respondents  could  reveal 
additional  narrative  after  answering 
certain  questions.  This  allowed  them 
to  base  subsequent  answers  on  accu- 
rate information  provided  in  the  nar- 
rative. 

Procedures 

The  questionnaire  was  mailed  to  the 
entire  sample.  In  an  efi'ort  to  increase 
the  response  rate,  we  offered  the  non- 
geneticist  physicians  (i.e.,  the  pri- 
mary care  physicians  and  psychia- 
trists) $25  for  completing  the  survey. 
In  addition,  continuing  medical  edu- 


cation (CME)  credits  were  offered  for 
completing  the  questionnaire  and 
studying  additional  material.  En- 
dorsements were  obtained  from  the 
relevant  medical  specialty  societies 
and  from  local  chapter  heads  of  three 
of  the  societies.  Follow-up  included 
postcard  reminders,  questionnaire 
remailings,  and  phone  calls  from  a 
survey  research  firm  with  which  we 
contracted.'  As  no  difficulty  was  an- 
ticipated in  obtaining  an  adequate  re- 
sponse from  the  medical  geneticists 
and  genetic  counselors,  incentives 
were  not  offered  to  these  participants. 

Analysis 

An  overall  knowledge  score  was  cre- 
ated by  assigning  one  point  for  each 
correct  answer  (the  one  four-part 
question  v/as  assigned  one-fourth  of  a 
point  for  each  correct  answer),  for  a 
possible  total  score  of  26;  17  for  con- 
cepts and  9  for  facts.  We  considered  a 
10%  difference  in  correct  responses  to 
a  component  score  to  be  a  meaningful 
difference  and  selected  our  sample 
sizes  accordingly.  To  adjust  for  skew- 
ness,  the  knowledge  scores  were 
transformed  by  the  arc-sine  function. 
Taking  the  means  of  the  arc-sine - 
transformed  values,  we  used  t-tests  to 
compare  the  total  and  component 
knowledge  scores  of  the  genetics  spe- 
cialists with  those  of  the  non-geneti- 
cist physicians.  Analyses  of  variance 
(ANOVAs)  were  performed  to  com- 
pare the  transformed  knowledge 
scores  of  the  different  primary  care 
specialists  and  psychiatrists.  When 
the  overall  i^-test  was  significant, 
Tukey's  HSD  was  used  to  determine 
significance  for  the  pairwise  differ- 
ences. The  significance  level  was  set 
at  p  <  .05.  Two-way  ANOVA  was 
used  to  examine  joint  effects  of  se- 
lected variables.  Stepwise  multiple 
regression  was  used  to  adjust  for  co- 
variance  among  variables  associated 
with  knowledge  scores. 

RESULTS 

Response  Rate  and 
Demographic  Characteristics 

The  response  rate  from  the  non- 
geneticist  physicians  was  64.8% 
(1,140    physicians):     family    physi- 


cians, 62.0%  (215);  internists,  61.0% 
(214);  obstetrician -gynecologists, 
62.9%  (224);  pediatricians,  72.6% 
(257);  and  psychiatrists,  65.5%  (230). 
A  significantly  higher  percentage  of 
the  respondents  than  the  nonrespon- 
dents  were  graduates  of  U.S.  medical 
schools  (86.7%  versus  77.2%).'  The 
response  rate  from  the  medical  genet- 
icists and  genetic  counselors  was 
79.1%  (280).  As  expected,  given  our 
design,  approximately  two-thirds  of 
the  non-geneticist  physicians  (771, 
67.6%)  had  graduated  from  medical 
school  between  1971  and  1985.  Of  all 
the  non-geneticist  physicians  who  re- 
sponded, 15.0%  held  full-time  faculty 
positions,  25.9%  held  part-time  posi- 
tions, 12.4%  had  other  academic  posi- 
tions, and  46.7%  had  no  academic 
position.  Of  the  family  physicians 
who  responded,  28.9%  were  family 
physicians  who  delivered  babies 
(FPDs),  69.3%  were  family  physi- 
cians who  did  not  deliver  babies 
(FPNDs),  and  1.9%  did  not  indicate 
whether  they  delivered  babies  or  not. 
Not  all  respondents  answered  every 
question. 

Genetics  Knowledge 

Total  scores.  The  mean  total  knowl- 
edge score  of  all  the  non-geneticist 
physicians  was  73.9%  correct,  com- 
pared with  94.6%  for  genetics  profes- 
sionals (p  <  .001),  as  shown  in  Table 
1.  The  distribution  of  the  total  scores 
is  shown  in  Figure  1. 

Individual  knowledge  questions. 
The  non-geneticist  physicians  who 
were  most  likely  to  encounter  pa- 
tients with  specific  genetic  problems 
had  the  greatest  knowledge  regarding 
those  problems;  the  pediatricians 
knew  the  most  about  the  features  of 
cystic  fibrosis  (CF);  the  obstetrician - 
gynecologists  and  FPDs  were  best 
able  to  provide  the  correct  informa- 
tion regarding  the  detection  of  birth 
defects  (96%  and  80.6%  correct,  re- 
spectively); the  psychiatrists  scored 
highest  on  the  question  relating  to  the 
heritability  of  depression  (96.1%  cor- 
rect). After  being  told  the  frequency 
■  of  cystic  fibrosis  carriers,  473  (41.6%) 
of  the  physicians  correctly  calculated 
the  chance  that  a  couple  with  a  family 
history  that  is  negative  for  cystic  fi- 
brosis could  have  a  child  with  a  dis- 
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order.  Almost  one-third  (354,  31.2%) 
could  not  determine  the  mode  of  in- 
heritance from  a  pedigree,  and  314 
(27.6%)  were  unaware  of  long-estab- 
lished tests  for  sickle-cell  anemia. 

Academic  status.  The  non-geneti- 
cist physicians  who  were  full-time 
faculty  had  a  total  knowledge  score 
significantly  higher  than  that  of  the 
other  non-geneticist  physicians 
(Table  1),  but  significantly  lower  than 
that  of  the  medical  geneticists. 

Factors  Influencing  Knowledge 
Scores 

The  analyses  described  in  this  section 
are  based  on  responses  from  the  966 
non-geneticist  physicians  who  were 
not  full-time  faculty.  With  few  excep- 
tions, the  difi'erences  observed  be- 
tween groups  of  non- full-time  fac- 
ulty respondents  were  also  observed 
between  the  comparable  groups  of 
full-time  faculty;  the  scores  of  the 
full-time  faculty  were  significantly 
higher  than  those  of  the  comparable 
non -full-time  faculty  in  most  cases. 
The  mean  knowledge  score  of  the 
non -geneticist  physicians  who  were 
full-time  faculty  was  not  associated 
with  having  taken  a  required  medical 
school  course  in  genetics. 

Clinical  specialty.  The  mean  total 
knowledge  score  as  well  as  the  two 
mean  component  scores  differed  sig- 
nificantly by  specialty.  The  pediatri- 
cians scored  significantly  higher  than 
all  the  other  groups  of  physicians  on 
total  knowledge  and  concepts.  On  the 
facts  component,  the  obstetrician - 
gynecologists  (74.4%  correct)  and  the 
pediatricians  (72.2%  correct)  scored 
significantly  higher  than  did  the  in- 
ternists (63.3%  correct),  psychiatrists 
(58.9%  correct),  and  FPNDs  (64.4% 
correct).  The  FPDs  (72.2%  correct) 
also  scored  significantly  higher  than 
did  the  psychiatrists.  On  the  total 
score,  41.0%  of  the  FPNDs,  40.3%  of 
the  psychiatrists,  and  33.1%  of  the 
internists  had  scores  of  less  than  66% 
correct  compared  with  13.4%  of 
the  pediatricians,  23.5%  of  the  obste- 
tricians-gynecologists and  21.4% 
of  the  FPDs  (chi-square  =  53.9, 
p  <  .00001). 

The  pediatricians,  obstetrician - 
gynecologists,  and  FPDs  were  ex- 
posed to  genetics  problems  in  their 


Mean  Scores  of  Total  Genetics  Knowledge  for  280  Genetics  Professionals 

Compared  with  the  Scores  for  1,140  Primary  Care  Physicians  and 

Psychiatrists,  1991* 


Total  Genetics  Knowledge 

Survey 
Respondents 

Numerical  Score 

Mean 
%  Correct 

Mean 

(SD) 

Genetics  professionals 

( n  =  280) 

24.6 

(l.l)t 

94.6 

Medical  geneticists 

(n  =  141) 

24.6 

(1.2) 

94.6 

Genetics  counselors 

(n  =  139) 

24.7 

(1.0) 

95.0 

Primary  care  physicians 

and  psychiatrists 

(n  =  1,140) 

19.2 

(3.6)t 

73.9 

Full-time  faculty 

(n  =  171) 

20.2 

(3.3)t 

77.7 

Other  non-geneticists 

(n  =  96€) 

19.0 

(3.6)t 

73.1 

'The  primary  care  physicians  (family  physicians,  internists,  pediatricians,  obstetrician- 
gynecologists)  and  psychiatrists  had  graduated  from  medical  school  between  1950  and  1985 
(67.6%  after  1970)  and  were  all  members  of  professional  societies.  They  completed  a  26-item 
questionnaire  testing  their  knowledge  of  genetics,  with  a  maximum  score  of  26. 

tFor  genetics  professionals  versus  primary  care  physicians  and  psychiatrists;  (  =  43.8,p  <  .001. 

J  For  primary  care  physicians  and  psychiatrists  who  were  full-time  faculty  versus  those  who 
were  not:  (  =  4.18,  p  <  .001. 


25-50%        51-60%         61-70%         71-80%         81-90%        91-100% 

Genetics  Knowledge  Score  (%  Correct) 

Figure  1.  Distribution  of  scores  for  total  genetics  knowledge  of  369  non-ge- 
neticist physicians  who  had  graduated  from  medical  school  between  1960  and 
1970  and  771  who  had  graduated  between  1971  and  1985.  The  physicians 
were  primary  care  physicians  (family  physicians,  internists,  pediatricians, 
obstetrician— gynecologists)  and  psychiatrists.  In  1991  they  completed  a  26- 
item  questionnaire  testing  their  genetics  knowledge.  Limiting  the  analysis  to 
the  966  physicians  who  were  not  full-time  faculty  does  not  apprecimbly 
change  the  distributions. 
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Multiple  Regression  Analyses  of  Predictors  of  Genetics  Knowledge  Scores  for  969  Primary  Care  Physicians  and 

Psychiatriste,  1991*      


Genetics 

Knowledge 

Score 


Significance 

of  F change 

(P) 


For  total  knowledge 
Year  of  medical  school  graduation 
High  versus  low  exposure  to  genetics  in  practice 
U.S.  versus  foreign  medical  school 
Innovativenesst 

Drug  company  as  source  of  information 
Required  medical  school  course  in  genetics 
Joint  effect  of  medical  school  course  and  postgraduate  exposure 

For  concepts 
Year  of  medical  school  graduation 
High  versus  low  exposure  to  genetics  in  practice 
U.S.  versus  foreign  medical  school 
Innovativenesst 

Drug  company  as  source  of  information 
Required  medical  school  course  in  genetics 

For  facts 
High  versus  low  exposure  to  genetics  in  practice 
Year  of  medical  school  graduation 
U.S.  versus  foreign  medical  school 
Required  medical  school  course  in  genetics 


.006 

.113 

<.0001 

.113 

.111 

.075 

<.0O01 

.188 

.093 

.028 

<.0001 

.216 

.023 

.013 

<.0001 

.229 

.046 

.010 

<.0Ol 

.240 

.039 

.007 

<.01 

.247 

.031 

.005 

<.05 

.252 

.009 

.124 

<.0001 

.124 

.094 

.033 

<.0001 

.157 

.105 

.023 

<.0001 

.180 

.028 

.013 

<.O0Ol 

.193 

-.049 

.009 

<.01 

.202 

.035 

.004 

<.05 

.206 

.163 

.075 

<.0001 

.075 

.004 

.019 

<.0001 

.093 

.097 

.012 

<.001 

.105 

.053 

.007 

<.01 

.112 

•The  primary  care  physicians  (family  physicians,  internists,  pediatricians,  obstetrician -gynecologists)  and  psychiatrists  had  graduated  from 
medical  school  between  1950  and  1985  (67.6%  after  1970).  were  all  members  of  professional  societies,  and  were  not  full-time  faculty.  They  completed 
a  questionnaire  with  26  questions  testing  their  total  knowledge  of  genetics,  17  testing  knowledge  of  genetics  concepts,  and  nine  testing  knowledge  of 
genetics  facts. 

tinnovativeness:  the  UkeUhood  that  physicians  would  offer  a  genetic  test  before  it  became  standard  practice. 


practices  more  frequently  than  were 
the  FPNDs,  internists,  and  psychia- 
trists. For  instance,  81.6%  of  the 
former  indicated  they  provided  ge- 
netic counseling,  compared  with 
52.9%  of  the  latter  (chi-square  = 
91.3,  p  <  .00001).  To  simplify  explo- 
ration of  the  effect  of  exposure  to  ge- 
netics in  clinical  practice,  we  created 
a  dichotomous  variable,  exposure  to 
genetics  in  practice.  The  543  re- 
spondents who  were  pediatricians, 
obstetrician  -  gynecologists,  or  FPDs 
were  defined  as  high-exposure  physi- 
cians, and  the  593  respondents  who 
were  FPNDs,  internists,  or  psychia- 
trists were  defined  as  low-exposure 
physicians.  The  high-exposure  physi- 
cians had  a  mean  knowledge  score 
(77.3%  correct)  that  was  significantly 
higher  (p  <  .001)  than  that  of  the 
low-exposure  physicians  (69.2%  cor- 
rect). 
In  three  separate  multivariate  re- 


gression analyses,  with  total  knowl- 
edge, concepts,  and  facts  scores  as  the 
dependent  variables  (Table  2),  expo- 
sure to  genetics  in  practice  provided 
the  second-most  significant  explana- 
tion for  the  variance  in  total  knowl- 
edge and  concepts  scores,  and  the 
most  significant  for  the  facts  score. 
Its  smaller  effect  on  the  concepts 
score  was  due  to  the  disparity  be- 
tween the  scores  of  the  pediatricians 
(84.1%  correct)  and  those  of  the 
obstetrician  -  gynecologists  and  FPDs 
(75.9%  correct  and  74.1%  correcf, 
respectively). 

Year  of  graduation  from  medical 
school.  As  Figure  2  shows,  for  both  the 
high-  and  low-exposure  physicians 
there  was  a  significant  upward  trend 
in  mean  total  knowledge  scores  as  a 
function  of  year  of  graduation  from 
medical  school.  The  physicians  who 
had  graduated  after  1970  had  a  higher 
mean  knowledge  score   (76.2%  cor- 


rect) than  those  graduating  earlier 
(66.9%  correct,  p  <  .001;  distribution 
of  scores  shown  in  Figure  1).  As 
shown  in  Table  2,  in  multivariate 
analysis,  year  of  graduation  from 
medical  school  was  the  most  powerful 
predictor  of  the  total  and  concepts 
scores  and  the  second-most  powerful 
predictor  of  the  facts  score. 

Formal  course  work  in  genetics.  The 
effect  of  year  of  graduation  could  be 
due  to  the  upward  trend  in  the  per- 
centages of  the  physicians  who  had 
had  a  genetics  course  in  college  or  a 
required  course  in  genetics  in  medical 
school  (Figure  3).  The  physicians  who 
reported  having  had  a  required  course 
in  medical  school  had  a  significantly 
higher  mean  knowledge  score  (75.4% 
correct)  than  did  the  physicians  who 
reported  having  had  no  course  in  ge- 
netics (70.4%  correct,  p  <  .001).  We 
found  no  significant  difference  in 
mean  knowledge  scores  between  the 
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physicians  who  had  had  a  required 
genetics  course  in  medical  school  and 
those  who  had  had  a  college  course 
instead  of  or  in  addition  to  a  medical 
school  course.  Having  a  required 
medical  school  course  in  genetics  was 
a  significant  predictor  of  total,  con- 
cepts, and  facts  scores,  but  accounted 
for  no  more  than  0.7%  of  the  variance 
(Table  2).  Year  of  graduation  was  a 
more  potent  predictor  in  the  multi- 
variate analysis. 

Having  taken  a  required  medical 
school  course  in  genetics  was  asso- 
ciated with  greater  knowledge  for  the 
physicians  in  high-exposure  special- 
ties than  for  those  in  low-exposure 
specialties  (two-way  ANOVA  interac- 
tion, F  =  6.7,  p  =  .01).  The  joint  ef- 
fect of  having  a  medical  course  and  of 
high  exposure  to  genetics  in  practice 
was  also  significant  in  the  multivar- 
iate model  for  total  knowledge  score 
(Table  2). 

Country  of  medical  school.  Gradua- 
tion from  a  U.S.  medical  school  was  a 
significant  predictor  of  knowledge  in 
univariate  and  multivariate  analysis 
(Table  2).  The  physicians  who  had 
graduated  from  U.S.  medical  schools 
had  a  higher  mean  knowledge  score 
(74.2%  correct)  than  did  those  who 
had  graduated  from  foreign  medical 
schools  (66.9%  correct,  p  <  .001). 
This  could  not  be  attributed  to  a 
higher  proportion  of  U.S.  graduates 
having  taken  a  required  medical 
school  genetics  course,  as  virtually 
equal  percentages  of  U.S.  and  foreign 
medical  graduates  (55.1%  versus 
54.1%)  had  taken  such  a  course.  The 
respondents  who  were  foreign  medi- 
cal graduates  were  no  more  likely  to 
have  entered  specialties  with  low  ex- 
posure to  genetics  than  were  the  grad- 
uates of  U.S.  schools. 

Information  sources.  We  asked  the 
physicians  to  indicate  their  most  fre- 
quent sources  of  information  about 
new  medical  practices.  They  could  • 
choose  more  than  one.  The  most 
frequent  sources,  in  .  descending 
order,  were  medical  journals,  CME 
courses,  other  practitioners,  profes- 
sional meetings,  and  pharmaceutical 
contacts.  The  413  physicians  who  re- 
ported a  pharmaceutical  company 
contact  as  a  frequent  source  of  infor- 
mation   had    a    significantly    lower 


High  Exposure  to  Genetics  in  Practice 
Low  Exposure  to  Genetics  in  Practice 


i 


1971-1980  1981-1985 


Year  of  Graduation 

Figure  2.  Mean  scores  (%  correct)  for  total  genetics  knowledge  by  year  of 
graduation  from  medical  school  for  643  physicians  with  high  exposure  to 
genetics  in  their  practices  and  593  physicians  with  low  exposure.  The  high- 
exposure  physicians  were  pediatricians,  obstetrician  -  gynecologists,  and 
family  physicians  who  delivered  babies,  and  the  low-exposure  physicians 
were  internists,  psychiatrists,  and  family  physicians  who  did  not  deliver 
babies.  In  1991  the  physicians  completed  a  26-item  questionnaire  testing 
their  genetics  knowledge.  Excluded  from  this  analysis  were  171  physicians 
studied  who  were  full-time  faculty. 


Took  Genetics  Course  in 
■  College 

B  Medical  School-Required 
I    I  Medical  School-Elective 


Year  of  Graduation 

Figure  3.  Percentages  of  966  non-geneticist  physicians  by  year  of  graduation 
from  medical  school  who  had  taken  at  least  one  course  in  genetics.  The  physi- 
cians, who  were  surveyed  in  1991,  were  primary  care  physicians  (family 
physicians,  internists,  pediatricians,  and  obstetrician— gynecologists)  and 
psychiatrists.  Excluded  from  this  analysis  were  171  physicians  studied  who 
were  full-time  faculty. 
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mean  knowledge  score  (71.2%  cor- 
rect) than  did  the  physicians  who  did 
not  use  pharmaceutical  contacts  as  a 
frequent  information  source  (74.6% 
correct,  p  <  .001).  Using  such  con- 
tacts was  a  significant  negative  pre- 
dictor in  the  multivariate  analyses  for 
total  and  concepts  scores  (Table  2). 
The  474  physicians  practicing  in 
groups  reported  other  practitioners 
as  a  frequent  source  (83.3%)  more 
often  than  did  the  329  solo  practi- 
tioners (72.3%,  chi-square  =  13.9, 
p  =  .0002).  The  family  physicians  re- 
ported that  drug  company  representa- 
tives were  a  frequent  source  of  infor- 
mation to  a  significantly  greater 
extent  than  did  the  other  physicians 
(43.2%  versus  28.7%;  chi-square  = 
14.8,  p  =  .00012).  The  mean  total 
knowledge  scores  did  not  differ  be- 
tween the  88%  of  the  physicians  who 
reported  CME  courses  as  frequent 
sources  and  the  remaining  12%. 

Innovativeness.  Physicians  who 
adopt  a  new  technology  when  it  first 
becomes  available  may  have  a  greater 
fund  of  knowledge  than  those  who  are 
slower  to  adopt  such  technology.  We 
attempted  to  identify  early  adopters 
by  asking  the  respondents  to  rank  (on 
a  six-point  scale  from  1,  very  unlikely 
to  6,  very  likely)  how  likely  it  was  that 
they  would  routinely  offer  a  hypo- 
thetical test  to  their  patients.  The 
test  identifies  people  who  "will  mani- 
fest a  common  disease  in  the  future" 
and  is  "low  cost"  and  "accurate."  An 
intervention  for  people  with  positive 
test  results  "can  improve  their  prog- 
nosis." Fifty-one  percent  of  all  the 
non- full-time  faculty  physicians  said 
they  would  be  likely  to  ofi'er  it  when 
no  others  in  their  specialty  did  (25% 
ranked  6;  26%  ranked  5).  A  total  of 
74%  said  they  would  be  likely  to  offer 
it  (rank  of  5  or  6)  when  others  were 
using  it  but  before  it  became  "stan- 
dard practice";  97%  said  they  would 
be  likely  to  offer  it  when  it  became 
standard  practice.  The  internists 
were  more  likely  than  all  the  other 
specialists  combined  to  offer  the  test 
when  it  first  became  available  (chi- 
square  =  12.0,  p  =  .003).  The  early- 
adopting  physicians,  i.e.,  those  who 
would  be  likely  to  offer  the  test  before 
it  became  standard  practice,  had  a 


significantly  higher  mean  knowledge 
score  (74.2%  correct)  than  did  those 
who  would  be  likely  to  adopt  it  only 
after  it  was  standard  practice  (70% 
correct,  p  <  .001).  The  early-adopting 
physicians  in  the  high-exposure  spe- 
cialties had  a  significantly  higher 
mean  knowledge  score  than  did  the 
early  adopters  in  the  low-exposure 
specialties  (20.3,  SD,  3.2  versus  18.3 
SD,  3.6;  t  =  7.8,  p  <  .001).  There 
was  no  interaction  between  specialty 
and  early  adoption.  Being  an  early 
adopter,  or  innovative,  was  a  predic- 
tor of  total  and  concepts  knowledge 
scores  in  the  multivariate  regression 
analyses  (Table  2). 

Other  factors.  The  physicians  prac- 
ticing in  groups  had  a  higher  mean 
knowledge  score  (75%  correct)  than 
did  the  solo  practitioners  (71.2%  cor- 
rect, p  <  .001).  The  physicians  who 
indicated  that  they  or  an  immediate 
family  member  had  received  genetic 
counseling  had  a  significantly  higher 
mean  knowledge  score  (76.2%  cor- 
rect) than  did  those  who  responded 
that  they  had  not  (72.3%  correct, 
p  <  .01).  The  mean  knowledge  score 
of  the  90  rural  physicians  did  not 
differ  from  that  of  the  physicians 
practicing  in  urban  or  suburban 
areas.  None  of  the  three  factors 
discussed  in  this  paragraph  was  a  sig- 
nificant predictor  in  multivariate 
analysis. 

DISCUSSION 

The  mean  knowledge  score  of  the  ge- 
netics professionals  (94.6%,  SD, 
4.2%)  validates  our  knowledge  ques- 
tions. It  also  serves  for  comparison 
with  the  scores  of  the  non-geneticist 
physicians.  Although  these  physi- 
cians' average  score  was  78%,  their 
errors  reflect  deficiencies  deemed  im- 
portant by  the  non-geneticist  physi- 
cians who  helped  us  design  the  sur- 
vey. Moreover,  the  distribution  of 
scores  is  broad,  with  over  half  of  the 
non-geneticist  physicians  who  had 
graduated  from  medical  school  before 
1971  having  scores  of  70%  or  less 
(Figure  1).  Particularly  noteworthy 
were  frequent  errors  in  problems  in- 
volving   probabilities,    a    deficiency 


that  has  been  observed  before.'"  Al- 
though we  obtained  higher  response 
rates  than  previous  studies,*"'  the 
failure  of  35%  of  the  non-geneticist 
physicians  to  respond  limits  gen- 
eralizability. 

Our  sample  was  intentionally  bi- 
ased toward  the  overrepresentation  of 
physicians  who  were  more  likely  to 
attain  higher  scores.  We  limited  our 
sample  to  members  of  professional 
societies  and  over-sampled  more  re- 
cent graduates.  The  upward  bias  of 
the  scores  also  resulted  from  the 
characteristics  of  the  respondents.  A 
higher  proportion  of  nonrespondents 
than  respondents  had  graduated  from 
non -U.S.  medical  schools,'  a  factor 
associated  with  lower  knowledge 
scores.  (The  higher  knowledge  scores 
of  the  U.S.  medical  school  graduates 
than  of  the  graduates  of  foreign 
schools  has  been  observed  in  other 
knowledge  areas  as  well.")  The  up- 
ward bias  of  the  scores  could  also 
have  resulted  if  the  respondents  had 
looked  up  answers  or  uncovered  the 
latent-image  messages  before  answer- 
ing certain  questions  (despite  instruc- 
tions to  the  contrary).  As  a  deterrent 
to  such  practices,  the  physicians  were 
assured  that  responses  would  be  ana- 
lyzed without  identifiers,  which  they 
were. 

By  limiting  our  analyses  of  factors 
associated  with  knowledge  scores  to 
the  respondents  who  were  not  full- 
time  faculty  members,  we  introduced 
a  downward  bias  in  knowledge  scores. 
We  did  this  because  we  were  primar- 
ily interested  in  practitioners  rather 
than  current  teachers  and  investiga- 
tors. Full-time  faculty  status  was  a 
predictor  of  higher  knowledge  scores 
in  a  multivariate  analysis  (not  shown) 
that  included  all  of  the  variables 
shown  in  Table  2.  Full-time  faculty 
are  more  likely  to  have  patients  for 
whom  genetic  diseases  have  to  be  con- 
sidered in  the  differential  diagnosis. 
These  physicians  may  be  exposed  to 
genetics  through  interactions  with 
medical  geneticists  on  their  faculties 
more  often  than  physicians  with 
part-time  or  no  academic  affiliation. 
The  knowledge  gained  from  such  con- 
tacts may  explain  why  having  a  re- 
quired   genetics    course    in    medical 
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school  had  no  significant  impact  on 
full-time  faculty  members'  knowledge 
of  genetics.  Significantly  more  of  the 
full-time  faculty  than  the  non- full- 
time  faculty  reported  "other  practi- 
tioners" as  a  frequent  source  of  infor- 
mation about  new  medical  practices 
(87.1%  versus  78.8%;  chi-square  = 
6.7,  p  =  .01). 

This  study  was  undertaken  to  gain 
an  indication  of  the  preparedness  of 
non-geneticist  physicians  to  deal  with 
the  expected  increase  of  genetic  tests 
that  they  will  have  to  offer.  The  re- 
sults are  encouraging  in  that  more  re- 
cent U.S.  medical  school  graduates 
and  those  in  specialties  that  have 
greater  exposure  to  genetics  had 
higher  scores  (Table  2).  The  question 
of  what  can  be  done  to  improve 
knowledge  further  remains.  This  is 
especially  daunting  in  the  case  of 
physicians  in  specialties  in  which 
predictive  genetic  tests  are  not  cur- 
rently important  but  will  be.  Likely 
candidates  among  predictive  tests  in- 
clude presymptomatic  tests  for  adult 
polycystic  kidney  disease,  hemochro- 
matosis, breast  cancer,  colon  cancer, 
coronary  artery  disease,  Alzheimer's 
disease  and,  perhaps,  some  psychoses 
and  affective  disorders,  as  well  as 
tests  for  single  gene  disorders  such  as 
cystic  fibrosis  and  Duchenne's  mus- 
cular dystrophy  in  healthy  adult  car- 
riers. Practitioners  in  low-exposure 
specialties  have  not  yet  begun  to  nar- 
row the  gap  between  their  knowledge 
of  genetics  and  that  of  physicians  in 
high-exposure  specialties  (Figure  2). 

For  physicians  in  both  low-  and 
high-exposure  specialties,  increasing 
coverage  of  genetics  in  medical  school 
will  be  important.  The  most  likely  ex- 
planation for  the  higher  scores  of  the 
more  recent  graduates  is  the  increas- 
ing attention  being  given  to  genetics 
in  medical  school  curricula.  The  salu- 
tary effect  of  recent  graduation,  how- 
ever, is  not  limited  to  genetics"  and 
could  be  due  to  more  recent  gradu- 
ates' reading  and/or  retaining  more 
information.  Nor  does  having  a  re- 
quired course  in  genetics  account  for 
most  of  the  greater  knowledge  of 
more  recent  graduates.  The  increas- 
ing attention  paid  to  genetics  else- 
where    in     the     curriculum     could 


be  responsible.  Nevertheless,  the  syn- 
ergistic effect  on  the  total  knowledge 
score  of  having  had  a  genetics  course 
in  medical  school  and  of  being  a  phy- 
sician in  a  high-exposure  specialty 
suggests  a  beneficial  effect  of  such 
courses.  Evidence  for  a  direct  effect  of 
a  genetics  course  on  knowledge  comes 
from  a  study  in  which  time  devoted  to 
teaching  genetics  to  medical  students 
was  a  predictor  of  the  students'  abili- 
ties to  correctly  answer  genetics  ques- 
tions on  the  National  Board  of  Medi- 
cal Examiners  examination.''' 

Beyond  medical  school,  physicians 
have  a  number  of  ways  of  becoming 
familiar  with  new  genetic  tests.  Al- 
though we  have  not  documented  it, 
increasing  attention  is  being  paid  to 
genetics  in  both  pediatrics  and  ob- 
stetrics residency  programs.  In  ob- 
stetrics in  particular,  technical  bulle- 
tins prepared  by  the  professional 
society  acquaint  physicians  with  new 
prenatal  tests  and  their  appropriate 
uses. 

A  number  of  other  sources  of  medi- 
cal information  are  available  to  prac- 
ticing physicians.  We  included  the 
importance  the  respondents  placed 
on  each  of  them  in  our  model  of  fac- 
tors influencing  physicians'  knowl- 
edge of  genetics.  The  only  significant 
predictor  was  a  negative  one.  The 
physicians  who  reported  using  phar- 
maceutical companies  had  less  knowl- 
edge of  genetics  than  did  those  who 
relied  on  other  sources.  This  group  of 
physicians  may  devote  less  time  to  al- 
ternative sources  in  which  knowledge 
of  the  type  tested  in  our  survey  is 
imparted.  Knowledge  was  not  greater 
for  those  who  reported  CME  courses. 
Relatively,  few  such  courses  on  ge- 
netics have  been  oflfered  to  physicians 
thus  far.  There  is,  moreover,  conflict- 
ing evidence  on  the  effectiveness  of 
CME  courses."-" 

No  formal  survey  can  indicate  the 
actual  ways  in  which  physicians  re- 
spond to  the  problems  of  individual 
patients.  With  genetic  testing  fre- 
quently mentioned  in  the  lay  press, 
patients  will  often  initiate  questions 
about  testing.  Some  physicians  who 
are  unfamiliar  with  the  tests  in  ques- 
tion will  make  it  their  business  to  find 
out  before  answering.  If  this  happens 


frequently,  the  knowledge  score  in 
our  survey  would  be  a  poor  predictor 
of  actual  practice.  On  the  other  hand, 
there  are  instances  in  which  physi- 
cians' failure  to  inform  patients  of 
new  genetic  tests,  partly  because  the 
physicians  were  unfamiliar  with 
them,  have  resulted  in  successful  lia- 
bility litigation  when  the  patients  or 
their  children  have  suffered  harmful 
consequences  from  not  being  tested." 
It  would,  of  course,  be  preferable  to 
adopt  genetic  tests  in  an  appropriate 
manner  before  any  patient  or  physi- 
cian suffers  the  adverse  effects  of  lack 
of  knowledge.  Unfortunately,  some 
educational  efforts  are  driven  more  by 
the  potential  for  litigation  than  by 
medical  practice  concerns." 

Potential  users  of  a  new  technology 
do  not  adopt  it  all  at  once.  One  of  the 
attributes  of  early  adopters  is  greater 
knowledge  of  the  technology."'^  Our 
findings  are  consistent  with  this  ob- 
servation. The  physicians  who  indi- 
cated they  would  adopt  an  efficacious 
predictive  test  before  it  became  stan- 
dard practice  had  greater  genetics 
knowledge  than  did  later  adopters. 
Nevertheless,  the  innovators  in  the 
low-exposure  specialties  had,  on  aver- 
age, less  knowledge  about  genetics 
than  both  the  early  and  late  adopters 
in  the  high-exposure  specialties.  After 
they  adopt  a  new  technology,  local  in- 
novators often  play  a  more  important 
role  in  its  subsequent  diffusion  than 
do  national  consensus  statements*''^ 
and,  perhaps,  formal  CME. 

Knowledge  alone  will  not  deter- 
mine the  adoption  of  a  new  technol- 
ogy. Characteristics  of  the  technology 
itself,  as  well  as  the  time  involved, 
costs,  and  mechanisms  of  payment,'-^ 
are  important  determinants.  The 
unique  implications  of  genetic  tests,^ 
and  the  concerns  already  made  public 
about  them,  suggest  that  diffusion 
should  not  proceed  more  rapidly  than 
providers  can  gain  adequate  under- 
standing of  them.  Currently,  since 
many  individuals  are  unaware  of  the 
implications  of  genetic  testing,  physi- 
cians must  also  be  prepared  to  ex- 
plain benefits  and  risks  and  respond 
to  concerns  in  order  to  assure  use  that 
is  consonant  with  their  patients'  per- 
sonal values. 
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CONCLUSIONS 

We  have  demonstrated  substantial 
variation  in  knowledge  of  genetics 
and  genetic  tests  among  predomi- 
nantly board-certified  physicians  in 
primary  care  specialties  and  psychia- 
try. Deficiencies  are  likely  to  be 
greater  among  the  general  population 
of  practicing  physicians.  It  is  en- 
couraging, however,  that  genetics 
knowledge  is  greater  among  recent 
graduates.  Moreover,  physicians  con- 
fronted with  a  clinical  "need  to 
know"  seem  able  to  improve  their  ge- 
netics knowledge.  How  to  accelerate 
the  understanding  of  genetics,  partic- 
ularly in  specialties  that  currently  do 
not  accord  importance  to  genetics  but 
may  soon  need  to,  is  a  challenge.  Im- 
proving the  appreciation  for  the  con- 
tribution of  genetic  factors  to  disease 
during  medical  school  and  residency 
may  necessitate  increasing  the  pro- 
portions of  genetics  questions  on  cer- 
tifying examinations,  although  this 
may  be  insufficient.  Finally,  curricu- 
lum planners  should  ensure  that  in- 
struction in  genetics  (including  rele- 
vant skills  such  as  the  interpretation 
of  probabilistic  results  and  the 
counseling  of  patients)  is  integrated 
throughout  all  years  of  medical  school 
and  is  provided  to  residents  in  pri- 
mary care. 
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Incorporation  of  Genetics  in  Primary  Care  Practice 

Win  Physicians  Do  the  Counseling  and  Will  They  Be  Directive? 

Call  CeUer,  ScD,  Ellen  S.  Tambor,  MA;  Gary  A.  Chase,  PhD,  Karen  J.  Hojman,  MD; 
Ruth  R.  Faden,  PhD,  MPH;  Neil  A.  Holtzman,  MD,  MPH 


Objective:  To  determine,  by  response  to  a  scenario,  how 
willing  primary  care  physicians  would  be  to  counsel  a 
couple  about  prenatal  diagnosis  of  cystic  fibrosis  and  how 
directive  they  would  be  about  whether  the  couple  should 
undergo  prenatal  diagnosis  and  whether  the  couple  should 
terminate  the  pregnancy  if  the  fetus  is  affected. 

Design:  Survey  of  a  random  sample  of  primary  care  phy- 
sicians, psychiatrists,  and  genetics  professionals  in  10  geo- 
graphically representative  states, 

Respondenh:  Sixty-five  percent  (N=l  140)  of  1759  ob- 
stetricians, pediatricians,  internists,  family  practitioners, 
and  psychiatrists,  and  79%  (N=280)  of  medical  geneti- 
cists and  genetic  counselors 

Outcemes  and  Results:  Respondents  were  evenly  di- 
vided on  whether  they  would  counsel  about  prenatal 
diagnosis  or  refer  to  a  genetic  counselor  (49.4%  and 
50.6%,  respectively).  Those  who  indicated  that  they 
would  counsel  were  likely  to  have  greater  knowledge 


about  genetics,  greater  confidence  in  communicating 
about  genetics,  and  higher  tolerance  for  ambiguity  and 
were  more  likely  to  have  completed  their  medical 
training  since  1971  and  to  practice  m  a  rural  area. 
Forty-four  percent  of  physicians  would  give  an  opinion 
about  prenatal  diagnosis.  Men  would  be  more  likely  to 
give  an  opinion  than  women  (P<.005).  Only  9.6%  of 
respondents  would  give  an  opinion  regarding  abonion. 
These  respondents  were  more  likely  to  come  from  spe- 
cialties with  less  exposure  to  genetics  and  to  value  at- 
tendance at  religious  services.  Primary  care  physiciar« 
were  more  likely  to  give  their  opinions  about  prenatal 
diagnosis  and  abortion  than  genetics  professionals. 

Conclusions:  To  the  extent  that  attitudes  are  reflected' 
m  practice,  genetic  counseling  may  be  more  directive  when 
provided  by  primary  care  physicians  than  by  genetics  pro- 
fessionals, unless  primary  care  physicians'  growing  in- 
volvement in  genetics  changes  their  attitudes. 

(Arch  Fam  Mel  1993;2:1119-1125) 


From  the  Department  oj 
Pediatrics,  School  oJ  Medicine 
(Drs  Gctler,  Hofnwn,  and 
Holtzman  and  Ms  Tambor),  and 
the  Departments  of  Health 
Policy  and  Management 
(Drs  Celler,  Faden.  and 
Holtzman)  and  Mental  Hygiene 
(Dr  Chase),  School  of  Public 
Health,  Johns  Hopkins 
University,  Baltimore,  Md 


WITH  THE  proliferation 
of  new  genetic  tests 
that  will  detect  car- 
riers of  disease- 
causing  genes  and 
predisposition  to  disease  and  will  diagnose 
disease  presymptomatically,  there  will  be  an 
insufficient  number  of  trained  genetics  pro- 
fessionals to  offer  testing. '  Consequently,  ge- 
netic testing  IS  increasingly  likely  to  become 
a  part  of  pnmary  care  practice. ^-^  To  adapt 
to  such  rapid  advances  in  genetic  informa- 
tion and  diagnosis,  physicians  will  have  to 
examine  their  role  in  making  this  informa- 
tion available  tO  their  patient^qt  several  stages 
of  decision  making.  The  incorporation  of 
genetic  testing  into  clinical  medicine  is  cur- 
rently in  a  transitional  phase,  where  the  in- 
formation about  the  advantages  and  disad- 


vantages of  genetic  tests  is  still  incomplete 
and  professional  norms  have  not  yet  evolved 
to  take  into  account  new  developments.'' 
Little  IS  known  about  how  primary  care 
physicians  will  incorporate  new  genetic  tech- 
nologies into  their  practices.  Some  might  re- 
sist offering  their  patients  genetic  services 
for  various  reasons:  they  lack  experience  and 
confidence  in  discussing  genetics;  they  feel 
burdened  and  overwhelmed  by  what  seems 
like  an  increasing  list  of  obligations  in  the 
face  of  decreasing  time  and  resources;  or  they 
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METHODS 


STUDY  DESIGN  AND  POPULATION 

An  equal  number  of  primary  care  physicians  (family  physi- 
cians, miemists.  obstetncian-gynecologisis  (hereafter  referred 
to  as  obstetricians) ,  and  pediatncians)  and  psychiatnsts  were 
selected  at  random  from  the  American  Medical  Association 
Physician  Masterfile  for  each  of  the  following  states;  New  York, 
Illinois,  Nebraska,  Pennsylvania,  Utah.  Maine,  Oregon.  Cali- 
fornia. South  Carolina,  and  Texas  (Each  of  these  states  was 
selected  at  random  from  the  10  Genetics  Network  Regions 
established  by  the  Health  Resources  Administration-Department 
of  Health  and  Human  Services).  Because  the  overall  study 
was  intended  to  focus  on  what  has  receriilv  been  taught  in 
medical  schools,  physicians  (the  term  phyitcians  will  be  used 
to  refer  to  primary  care  physicians  and  psychiatnsts)  withm 
each  specialty  who  graduated  between  1971  and  1985  were 
sampled  at  a  ratio  of  2:1  to  those  who  graduated  between 
1950  and  1970.  Only  members  or  candidate  members  of  the 
following  societies  (as  determined  by  a  search  of  their  direc- 
tones)  were  retained  in  the  sample:  Amencan  Academy  of 
Family  Physicians  (AAFP).  Amencan  College  of  Physicians 
(ACP) .  Amencan  College  of  Obstetncians  and  Gynecologists 
(ACOG).  American  Academy  of  Pediatncs  (AAP).  and  Amen- 
can Psychiatnc  Association  (APA)  They  are  predominantly 
board -certified.  To  validate  the  survey  instrument  and  for  com- 
parison, medical  geneticists  and  genetic  counselors  were  in- 
cluded in  the  study  and  sampled  from  membership  lists  pro- 
vided by  the  Amencan  Board  of  Medical  Genetics.  A  detailed 
description  of  survey  methods  appears  elsewhere.' 

PROCEDURES 

A  questionnaire  was  mailed  to  all  eligible  physicians  with  a 
promise  that  we  would  not  link  names  and  indnidual  re- 
sponses. In  an  effort  to  maximize  our  response  rate,  phy- 
sicians were  offered  $25  and  continuing  medical  education 
credits  for  completing  the  questionnaire.  In  addition,  en- 
dorsements were  obtained  from  the  relevant  medical  spe- 
cialty societies  and  from  local  chapter  heads  of  three  of  the 
societies  Follow-up  included  postcard  reminders,  ques- 
tionnaire remailings.  and  phone  calls 


CONSTRUCTION  OF  VARIABLES 

All  items  in  this  component  of  the  questionnaire  were  in  multiple- 
choice  format.  The  instructions  for  responding  to  the  CF  sce- 
nario conceded  that  some  of  the  questions  might  not  be  rel- 
evant to  the  respondent's  specialty  but  encouraged  all  respon- 
dents to  complete  the  entire  scenano.  The  scenano  presented 
physicians  with  the  following  three  h)pothetical  situations: 

OUTCOME  VARIABLES 

1.  Referral  for  Genetic  Counseling 

Respondents  were  told  to  imagine  a  pregnant  couple  coming 
to  them,  both  carriers  of  the  gene  for  CF  Respondents  then 
were  asked  whether  they  would  "discuss  prenatal  diagnosis 
with  the  couple  before  (or  instead  oO  referring  them  to  a  ge- 
netic counselor"  or  "immediately  refer  them  lo  a  genetic  coun- 
selor." This  question  was  not  presented  in  a  general  way.  It 
was  preceded  in  the  scenano  by  several  questions  that  were 
very  specific  to  this  couple's  situation  and  allowed  the  respon- 
dent to  assess  his  or  her  own  knowledge  level  about  this  couple's 
nsk.  Therefore,  by  the  time  respondents  reached  this  ques- 
tion, they  would  be  quite  clear  about  whether  they  would 
feel  capable  of  handling  the  case  themselves  or  would  make 
a  referral  Regardless  of  whether  they  said  they  would  dis- 
cuss or  refer,  respondents  were  then  told  that  the  couple  re- 
turned to  them  to  decide  about  prenatal  diagnosis. 

2.  Opinion  Regarding  Prenatal  Diagnosis 

Respondents  then  were  asked  whether,  m  discussmg  the  pros 
and  cons  of  prenatal  diagnosis  with  this  pregnant  carrier  couple, 
they  would  "give  their  opinion  about  whether  it  is  a  good  idea 
but  emphasize  that  they  have  to  make  their  own  decision"  or 
"refrain  from  expressing  an  opinion  or  giving  advice  and  em- 
phasize that  they  have  to  make  their  own  decision"  as  to  whether 
the  woman  should  undergo  prenatal  diagnosis. 

3.  Opinion  Regarding  Abortion 

Respondents  then  were  asked  to  imagine  that  this  same  couple 
has  prenatal  diagnosis  and  (hat  the  fetus  has  CF.  Respon- 
dents were  asked  what  kind  of  opinion  they  would  give  the 


have  ethical  concerns  about  the  value  and  implications  of 
genetic  testing.  Among  those  who  might  welcome  the  op- 
portunity to  incorporate  genetic  sen'ices  into  their  prac- 
tices, it  is  not  known  whether  or  to  what  extent  they  would 
be  nondirective  in  interactions  with  patients.  Nondirective- 
ness  certainly  has  not  been  as  much  of  a  focus  of  primary 
care  training  as  it  has  been  of  genetics  training.  Moreover, 
despite  the  belief  among  most  genetics  professionals  that 
genetic  counseling  should  be  nondirective.'  the  desirabil- 
ity and  practicality  of  nondirectiveness  is  currently  being 
challenged  even  in  genetics  circles.*' 

As  part  of  a  larger  descriptive  survex'  conducted  in  199 1 


to  assess  physicians'  and  genetics  professionals'  knowledge 
of  genetics  and  genetic  testing,  we  investigated  physicians" 
perceptions  of  their  role  in  prenatal  genetic  counseling,  us- 
ing cystic  fibrosis  (CF)  as  a  case  study.  We  were  interested 
in  how  willing  physicians  would  be  to  discuss  prenatal  di- 
agnosis of  CF  with  a  couple  found  to  be  carriers  of  the  CF 
gene  and  how  directive  they  would  be  when  discussing  whelher 
the  couple  should  undergo  prenatal  diagnosis  and  whether 
they  should  terminate  the  pregnancy  if  the  fetus  is  affected. 
In  addition,  we  were  interested  in  how  physicians'  specialty, 
as  well  as  their  knowledge  of  genetics,  confidence  in  com- 
^  municating  about  genetics,  tolerance  for  ambiguity,  and 
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couple  about  lennmatmg  ihe  pregnancy.  Choices  included 
(1)  "recommend  thai  the  mother  continue  the  pregnancy 
because  of  (a)  moral  objection  to  abonion  or  (b)  the  im- 
proved outlook  for  a  child  with  CF  bom  today,"  (2)  "rec- 
ommend that  the  mother  terminate  the  pregnancy  because 
of  (a)  the  burden  that  a  child  with  CF  will  be  to  the  child 
and  the  family  or  (b)  the  burden  that  a  child  with  CF  will 
be  to  society,"  and  (3)  "make  no  recommendation,  review 
the  issues  and  options  with  the  couple,  and  indicate  that 
they  must  decide  whether  to  continue  or  terminate  the  preg- 
nancy." Responses  were  divided  into  those  in  which  an  opin- 
ion of  any  kind  would  be  given  vs  those  in  which  no  opin- 
ion would  be  gi%'en.  Both  opinion  vanables  (regarding  prenatal 
diagnosis  and  abortion)  were  taken  as  measures  of  direc- 
tiveness  in  communication. 

PREDICTOR  VARIABLES 

S{|ecialty 

In  addition  to  sampling  four  pnmary  care  specialties,  psychia- 
trists were  included  because  of  their  potential  involvement  in 
genetic  testing,  eg,  for  susceptibility  to  major  affective  disor- 
ders. For  comparison  purposes,  medical  geneticists  and  genetic 
counselors  also  were  included  in  the  sample  Genetics  profes- 
sionals were  instructed  to  skip  the  question  about  "referral." 

Knowledge 

Knowledge  scores  were  derived  from  the  number  of  correct 
responses  to  26  knowledge  questions.  A  detailed  descrip- 
tion of  the  development  and  results  of  the  knowledge  test 
appears  elsewhere.' 

Tolerance  for  Ambiguity 

A  previously  validated  seven-item  scale  was  used  to  mea- 
sure people's  general  reaction  to  ambiguous  situations.  Re- 
sfiondents  were  asked  to  rate  the  extent  to  which  they  agreed 
or  disagreed  with  each  item.  Overall  tolerance  for  ambigu- 
ity scores  were  then  created  by  summing  the  responses  The 
reliability,  based  on  Cronbach's  a  test,  was  .75  A  detailed 
description  of  the  psychometnc  analyses  involved  m  scale 
development  appears  elsewhere.'" 


Confldence 

A  scale  of  confidence  in  communicating  about  genetic  test- 
ing was  developed,  modeled  after  previous  work."  "  For 
each  of  nine  items,  respondents  were  asked  to  check  off 
one  of  six  response  categories,  ranging  from  "not  at  all  con- 
fident" to  "very  confident."  A  total  confidence  score  was  cre- 
ated by  summing  responses  to  the  individual  items.  The 
reliability  of  the  scale  was  .89  (Cronbach's  a  test). 

Attendance  at  Religious  Services 

Respondents  were  asked  the  extent  to  which  it  was  impor- 
tant to  attend  religious  services  regularly,  using  a  six-point 
scale  ranging  from  "very  unimportant"  to  "very  important." 
Based  on  the  frequency  distribution  of  responses,  a  dichoto- 
mous  variable  then  was  created  for  subsequent  analysis  (those 
who  said  "very  important"  vs  everyone  else) 

Year  of  Graduation 

Consistent  with  the  decision  we  made  to  oversample  recent 
graduates  from  medical  school,  we  dichotomized  year  of 
graduation  into  those  who  graduated  from  1971  through 
1985  and  those  who  graduated  prior  to  1971 

Geographic  Area 

Respondents  were  grouped  into  those  who  reponed  practicing 
in  a  rural  area  vs  elsewhere  (urban,  suburban,  or  small  city). 

ANALYSIS 

Knowledge,  confidence,  and  tolerance  for  ambiguity  scores 
were  dichotomized  according  to  the  frequency  distributions 
of  the  respective  scores,  with  the  50th  percentile  falling  in 
the  upper  group  Physicians  in  the  higher  knowledge  group 
had  scores  of  at  least  75%  correct.  Once  all  variables  were  in 
categorical  form,  x'  tests  of  association  were  used  to  look  at 
the  relationship  between  outcome  and  predictor  variables. 
Stepwise  logistic  regression  was  used  to  adjust  for  confound- 
ing effects  of  the  several  characteristics  associated  with  re- 
ferring to  a  genetic  counselor  and  giving  opinions  about  preg- 
nancy termination.  All  analyses  were  done  using  SPSS/PC -(- . 


demographic  characteristics,  contributed  to  variations  in 
the  likelihood  that  they  would  discuss  prenatal  diagnosis 
and  be  directive  in  their  discussions 


RESPONSE  RATES 

In  calculating  response  rates,  questionnaires  that  did  not 
reach  the  intended  respondent  because  of  death,  retirement, 
or  relocation  were  not  included  The  response  rate  from 
medical  geneticists  and  genetic  counselors  was  79  1%  The 


response  rate  from  physicians  was  64.8%,  ranging  from  61% 
for  obstetncians  to  72.6%  for  pediatncians.  Respondents 
were  more  likely  to  be  younger  than  40  years  and  to  have 
graduated  from  medical  school  after  1977.  A  detailed  analy- 
sis of  differences  between  respondents  and  nonrespondents 
appears  elsewhere.^ 

PHYSICIANS'  PERCEPTIONS  OF  THEIR  ROLE  IN 
PRENATAL  GENETIC  COUNSELING 

With  respect  to  the  three  outcome  variables,  physicians 
who  responded  were  evenly  divided  as  to  whether  they 
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Table  1.  Directiveness  ol  Physicians  vs  Genetics 
Professionals  in  Prenatal  Genetic  Counseling 


No.  Responding 
(%  Responding  Yes) 


Primary  Care      Medical        Genetic 
Measure  ol  Dlrediveness         Physicians     Genellcists   Counselors 

Would  give  their  opinion  as 
to  whether  the  woman 
should  undergo  prenatal 
diagnosis  (vs  retraining 
from  giving  their  opinion)      1113(43.8)'     141(16.3)      139(2.9) 

Would  give  their  opinion 
about  pregnancy 
temnination  to  a  mother 
whose  lehjs  was 
diagnosed  with  cyshc 
fibrosis  (vs  refraining 
from  giving  their  opinion)      1137(9.6)t      141(0.7)       139(1.4) 


'All  three  groups  were  signilicar)lty  ditlerertt  Irom  each  other  at  P<  0001 
^Physicians  were  diHerent  Irom  genetics  professionals  at  P<  000/,  but 
medical  geneticists  and  genetic  counselors  did  not  differ  from  each  other. 


would  discuss  prenatal  diagnosis  with  a  carrier  couple 
(49.4%)  or  refer  them  immediately  to  a  genetic  counselor 
(50.6%).  Physicians  were  almost  evenly  divided  in  their 
wnllingness  to  give  an  opinion  as  to  whether  this  carrier 
couple  should  undergo  prenatal  diagnosis  (43.8%  said  yes, 
56.2%  said  no).  Surpnsmgly,  there  was  no  association 
between  willingness  to  discuss  prenatal  diagnosis  and  will- 
ingness to  give  an  opinion  about  prenatal  diagnosis.  That 
IS,  physicians  who  would  discuss  prenatal  diagnosis  were 
no  more  likely  to  gi\'e  their  opinions  than  those  who  would 
refer  for  prenatal  diagnosis.  Very  few  physicians  (9.6%) 
indicated  that  they  would  give  their  opinions  regarding 
pregnancy  termination.  Compared  with  either  group  of 
genetics  professionals,  physicians  were  significantly  more 
likely  to  gu'e  their  opinions  about  prenatal  diagnosis;  medi- 
cal geneticists  were  more  likely  than  genetic  counselors 
to  give  their  opinions  (Table  I). 

Physicians'  willingness  to  discuss  prenatal  diagno- 
sis and  give  their  opinions  differed  by  specialty. 
Table  2  shows  that  obstetricians  would  be  more  likely 
than  other  specialists  to  refer  a  couple  for  prenatal  ge- 


netic counseling.  Family  practitioners  would  be  more 
likely  than  obstetricians  to  discuss  rather  than  refer  for 
prenatal  diagnosis.  Psychiatrists  would  be  the  least 
likely  to  give  an  opinion  about  prenatal  diagnosis,  al- 
though this  difference  was  not  statistically  significant. 
Compared  with  the  other  specialists,  family  practitio- 
ners and  internists  would  be  more  hkely  to  give  their 
opinions  about  abortion 

CHARACTERISTICS  ASSOCIATED  WITH 
PHYSICIANS'  PERCEPTIONS  OF  THEIR  ROLE 

As  shown  in  Table  3,  physicians  who  indicated  that  they 
would  discuss  prenatal  diagnosis  for  CF  with  a  carrier 
couple  rather  than  refer  the  couple  immediately  to  a  ge- 
netic counselor  were  likel)'  to  have  greater  knowledge  about 
genetics,  greater  confidence  in  communicating  about  ge- 
netics, and  higher  tolerance  for  ambiguity  and  were  more 
likely  to  have  graduated  recently  from  medical  school  and 
to  practice  in  a  rural  area.  Gender  and  attendance  at  re- 
ligious services  were  not  associated  with  making  refer- 
rals. We  also  determined  that  rural  and  urban  physicians 
did  not  differ  m  their  knowledge,  confidence,  tolerance 
for  ambiguity,  and  year  of  graduation. 

With  respect  to  the  likelihood  that  respondents  would 
give  their  opinion  about  whether  a  couple  should  un- 
dergo prenatal  diagnosis,  gender  was  the  only  significant 
variable.  Women  were  less  likely  than  men  to  report  that 
they  would  give  an  opinion  This  was  particularly  true  for 
female  obstetncians  (x^=8  5,  P<.005)  and  psychiatrists 
(X^=18.7,  P<. 00005).  There  was  no  gender  difference  among 
pediatricians. 

A  relatively  small  percentage  of  respondents  indi- 
cated that  they  would  give  an  opinion  regarding  preg- 
nancy termination.  Of  those  who  would  offer  an  opin- 
ion (N=112),  58.9%  would  object  to  termination  and 
41.1%  would  recommend  termination.  Those  offering 
an  opinion  were  more  likely  to  have  low  knowledge 
scores,  low  confidence  scores,  and  low  tolerance  for 
ambiguity  and  were  more  likely  to  be  male,  to  have 
graduated  from  medical  school  prior  to  1971,  and  to 


Table  2.  Physicians 

Perceptions  of  Their  Role 

In  Pc«natal  Genetic  Counseling  by  Specialty 

-•=- 

SpeclaHy 

No.  of 
Physicians 

Would  Discuss 

Prenatal  Diagnosis,  % 

1                                   1 

Discuss                 Refer* 

Would  Give 

an  Opinion  About 

Prenatal  Diagnosis,  % 

1                              1 

Yes                    No* 

Would  Give 

an  Opinion  About 

Abortion,  % 

1 
Yes 

No 

Pediatricians 

257 

54.7 

45.3 

44.4 

55.6 

'5:8 

94.2 

Family  practitioners 
Obstetricians 

211 
224 

56.4 
369 

43.6 
63.1 

42.6 
44.7 

57.4 
55.3 

16.4 
5.4 

83.6 
94.6 

Internists 

214 

48.1 

51.9 

50.5 

59  5 

14.5 

85.5 

Psychiatrists 
Total 

230 
1136 

50  4 
49,4 

49.6 
506 

370 
43.8 

630 
562 

7.0 
9.6 

93.0 
90.4 

'P<.0003  by  overall  x'  analysis 
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Table  3.  Factors  Associated  With  Physicians 

Perceptions 

of  Their  Role  in 

Prenatal  Genetic  Counseling 

No.  of 
Physicians 

Would  Discuss 

Prenatal  Diagnosis,  % 

1                                  1 

Discuss                 Refer 

Would  Give 

an  Opinion  About 

Prenatal  Diagnosis,  % 

Would  Give 

an  Opinion  About 

Abortion,  % 

1 
Yes 

No 

Yes 

No 

Knowledge 

High 
Low 

586 
543 

55.8* 
42.5 

44,2 
57.5 

42.9 
44.7 

57.1 
55.3 

6.6* 
12.7 

934 
87.3 

Confidence 
High 
Low 

629 
500 

53.1 1 
44.8 

46.9 
55.2 

43.3 
44  3 

56.7 
55.7 

7.1t 
12.6 

92.9 
87.4 

Tolerance  lor  ambiguity 
High 
Low 

536 
593 

53.4* 
45.9 

46.6 
54.1 

44.3 
43.2 

55.7 
56.8 

78* 
11.2 

922 
88.8 

Gender 
Male 
Female 

915 
222 

49.5 
49.1 

50.5 
509 

47.0t 
30.6 

53.0 
69.4 

10,7t 
5.0 

89.3 
95.0 

Year  of  graduation 
1950-1970 
1971-1985 

365 
764 

38.4t 
54.7 

61.6 
45.3 

46.9 
42.3 

53,1 
57.7 

14. It 
7.4 

85.9 
92.6 

Geographic  area 
Rural 
Nonrural 

92 
1031 

67.4« 
48.0 

32.6 
52.0 

50.5 
43.2 

49.5 
56.8 

11.8 
9.2 

882 
90.8 

Religiosity 
Very  important 
Not  very  important 

230 
890 

47.8 
49.9 

52.2 
50.1 

41.7 
44.3 

58.3 
55.7 

20.6t 
6.8 

79.4 
932 

*P<M005. 
tP<.005 
XP  <05 


indicate  that  attending  religious  services  regularly  is 
very  important. 

Table  4  shows  the  multiple  regression  analyses  used 
to  predict  whether  physicians  would  discuss  prenatal  di- 
agnosis with  their  patients  and  whether  they  would  give 
their  opinions  regarding  pregnancy  termination.  (Multi- 
variate analysis  was  not  performed  to  predict  whether  phy- 
sicians would  give  an  opinion  about  prenatal  diagnosis 
since  gender  was  the  only  predictor  variable  associated 
vnth  this  outcome.)  In  the  first  model,  the  strongest  pre- 
dictor of  whether  physicians  would  discuss  prenatal  di- 
agnosis was  practicing  in  a  rural  area,  followed  by  recent 
graduation,  high  knowledge  score,  high  tolerance  for  am- 
biguity, and  specializing  in  family  practice  as  opposed  to 
obstetrics.  In  the  second  model,  physicians  who  would 
give  their  opinions  regarding  abortion  were  Vh  times  more 
likely  to  value  attendance  at  religious  services,  over  2Vi 
times  more  likely  to  be  internists  or  family  practitioners 
than  obstetricians,  and  more  likely  to  have  low  confi- 
dence scores  and  to  have  graduated  prior  to  1971 


In  this  study  we  investigated  primary-  care  physicians'  and 
psychiatrists'  perceptions  of  their  role  in  communicating 
about  prenatal  diagnosis  for  CF,  a  new  genetic  technology 
Of  major  interest  was  the  extent  to  which  physicians  would 


Table  4.  Logistic  Regressions  to  Predict  Physicians' 
Perceptions  of  Their  Role  in  Discussing  Prenatal  Diagnosis 
and  Giving  Their  Opinions  About  Abortion 

Logistic 

Regression 

Coefficient  (SE) 

Odds  Ratio 

(95%  Confidence 

Interval) 

P 

Discussing  prenatal 
diagnosis 

High  knowledge 

.41  (.13) 

1.5(1.16-1.95) 

.001 

High  tolerance  for 
ambiguity 

.30  (.12) 

14(1.06-1.72) 

.01 

Recent  graduation 

.53  (.14) 

1.7(1.28-2  25) 

.0001 

Rural  setting 

.65  (.24) 

1.9(1.19-3.09) 

.008 

family  practice* 

.34(17) 

1.4(1.01-1.97) 

.04 

Giving  their  opinion 
about  abortion* 

High  confidence 

-54(21) 

0.6  (0.38-0.72) 

.01 

Recent  graduation 

-.76  (.21) 

0  5(0.31-0.71) 

.0004 

Religiosity 

1.3(22) 

3.5  (2,36-5,7) 

.00001 

Family  practice* 

,95  (.25) 

2  6(1.57-4.26) 

0002 

Internal  medicine* 

1.0  (.26) 

2.8(1.62-4.57) 

^0001 

*  Obslelncs  was  the  reference  group  tor  specialty  in  botti  regressions 

engage  in  genetic  discussions  (counsel)  at  all  and  would 
deviate  from  the  tradition  of  nondireciiveness  on  which 
genetic  counseling  theoretically  is  based '''  and  thai  was  sup- 
ported by  the  attitudes  of  genetics  professionals  m  this  study. 
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COUNSELING  ABOUT  PRENATAL  DIAGNOSIS 
VS  REFERRING  FOR  COUNSELING 

The  results  show  that  half  of  physicians  would  be  willing 
to  counsel  about  prenatal  genetic  testing  and  half  would 
prefer  to  leave  such  discussions  to  genetics  professionals. 
To  the  extent  that  respondents  who  were  willing  to  dis- 
cuss prenatal  testing  had  higher  genetics  knowledge  scores, 
were  better  able  to  tolerate  ambiguity,  and  were  educated 
more  recently  (and,  therefore,  perhaps  were  better  able  to 
appreciate  the  increasing  importance  of  genetics  m  medi- 
cine), they  were  better  qualified  to  counsel  than  those  who 
would  refer  Whether  those  who  would  counsel  were  ad- 
equately qualified  cannot  be  answered  by  this  study 

Respondents'  willingness  to  discuss  prenatal  diag- 
nosis IS  influenced  by  their  specialty  and  by  whether  they 
practice  in  a  rural  area  Obstetricians  are  more  likely  than 
other  specialists  to  refer  their  patients  for  counseling  about 
prenatal  diagnosis,  perhaps  because  they  have  estab- 
lished connections  with  genetic  counselors  as  a  way  of 
managing  the  demand  for  genetic  services  in  their  prac- 
tice. Obstetricians  may  begin  lo  do  more  counseling  as 
ihey  perform  more  of  their  own  amniocenteses.  That  fam- 
ily practitioners  would  be  more  likely  than  obstetricians 
to  discuss  prenatal  diagnosis  may  be  partially  explained 
by  their  greater  likelihood  of  practicing  in  rural  areas 
(P<, 00001).  It  is  reassuring  to  know  that  physicians  in 
this  study  who  practice  in  remote  locations  appear  no  less 
qualified  (as  measured  by  knowledge,  tolerance  for  am- 
biguity, and  year  of  graduation)  lo  offer  genetic  services 
than  those  in  urban  areas. 

WILLINGNESS  TO  GIVE  OPINIONS  REGARDING 
PRENATAL  DIAGNOSIS  AND  ABORTION 

Physicians  were  significantly  more  willing  than  medical 
geneticists  and  genetic  counselors  to  give  their  opinions 
about  prenatal  diagnosis  and  abortion,  and  male  physi- 
cians were  more  likely  to  do  so  than  female  physicians.  A 
similar  gender  difference  was  found  among  genetics  pro- 
fessionals (P<. 00001).  That  genetic  counselors  would  be 
even  less  likely  than  medical  geneticists  to  give  an  opin- 
ion about  prenatal  diagnosis  could  be  related  to  the  fact 
that  genetic  counselors  are  predominantly  female,  or  it 
could  be  related  to  their  nondirective  training. 

Among  primary  care  specialists,  almost  half  of  ob- 
stetricians (the  specialists  most  involved  in  prenatal  di- 
agnosis) reported  a  willingness  to  give  an  opinion  about 
prenatal  diagnosis.  Obstetricians  were  the  least  likely  to 
give  their  opinions  about  abortion.  Physicians  who  would 
give  their  opinions  about  abortion,  although  a  minority, 
were  more  likely  to  attend  religious  services  regularly  and 
to  come  from  specialties  with  less  exposure  to  genetics 
(eg,  internal  medicine).  The  directiveness  of  those  with 
less  exposure  to  genetics  could  reflect  less  expenence  with 
genetics  or  a  failure  to  distinguish  reproductive  issues  from 


other  topics  these  physicians  may  discuss  wiih  their  pa- 
tients in  a  directive  or  authoritative  manner.  There  is  a 
need  for  further  study  of  motivational  differences  be- 
tween physicians  who  are  willing  to  give  their  opinions 
and  those  who  are  not. 


PHYSICIANS  WHO  give  their  opinions  do  not 
necessarily  undermine  autonomous  deci- 
sion making  on  the  part  of  patients,  espe- 
cially if  patients  ask  for  their  physician's  opin- 
ion Opinion  seeking  on  the  part  of  patients 
may  occur  more  frequently  in  the  context  of  long-term 
relationships  with  providers  such  as  family  practitioners 
than  in  the  context  of  one-time  contacts  with  genetics  pro- 
fessionals. Many  physicians  and  patients  believe  that  it  is 
appropriate  and  desirable  for  physicians  to  give  advice  to 
patients.  Some  believe  that  as  long  as  physicians  acknowl- 
edge their  biases  and  uncertainties,  their  giving  advice  to 
patients  is  consistent  with  respect  for  patient  autonomy 
unless  the  patient  is  unduly  influenced  How  and  in  what 
context  physicians  give  their  opinions  ma\'  be  of  greater 
importance  than  whether  they  do  so. 

There  is  considerable  contro\ers\  about  when,  if  ever. 
It  is  appropriate  to  give  opinions  to  patients  when  com- 
municating about  genetic  testing.  One  view  says  that  the 
practitioners  opinion  should  never  be  given  in  any  con- 
text because  genetic  decisions  are  inherently  value-laden 
and  the  perception  of  practitioners  (especially  male  phy- 
sicians") as  powerful  can  influence  patients  to  behave  in 
ways  that  are  not  consistent  with  their  own  values.  This 
view  provides  the  basis  of  value  neutrality  in  genetic  coun- 
seling. Another  v\ew  says  that  gning  opinions  is  inap- 
propnate  only  m  the  context  of  reproductive  genetic  coun- 
seling, where  decisions  about  conception  and  abortion 
are  implicated.  A  third  view  says  that  the  appropriateness 
of  the  practitioner's  opinion  regarding  genetic  testing  de- 
pends on  whether  there  is  a  benehcial  treatment  that  can 
be  offered.  For  example,  when  presymptomalic  genetic 
testing  for  familial  colon  cancer  is  available,  physicians 
would  be  remiss  in  not  recommending  testing,  as  colec- 
tomy can  be  beneficial  to  people  who  carr)'  the  gene.  In 
such  cases,  genetic- decisions  are  no  different  than  other 
medical  decisions  in  which  physicians  are  expected  to  give 
their  advice.  In  contrast,  if  no  effective  treatment  is  avail- 
able (eg,  Huntington's  disease),  it  is  difficult  to  justify  rec- 
ommending presymptomatic  testing. 

Although  It  IS  a  matter  of  some  debate  whether  the 
tradition  of  nondirectiveness  espoused  by  genetics  pro- 
fessionals is  real  and  not  rhetorical,"  at  the  very  least,  value 
neutrality  and  nondirective  counseling  have  been  the  pre- 
vailing "ideals."  Our  findings  suggest  that  the  ethos  re- 
garding patient  counseling  may  be  different  for  many  pri- 
mary care  physicians,  and  as  these  ph\'sicians  become  more 
involved  in  genetic  counseling,  the  extent  of  directive- 
ness ma\-  change  ■ 
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LIMITATIONS  AND  FUTURE  RESEARCH 

The  validity  and  generalizability  of  these  results  may  be 
affected  by  several  limitations.  First,  there  may  be  a  ten- 
dency for  respondents  to  provide  socially  desirable  an- 
swers. Given  that  a  substantial  number  of  respondents 
admitted  a  tendency  to  give  an  opinion  and  that  many 
more  are  likely  to  give  their  opinions  without  acknowl- 
edging it,  our  findings  are  likely  to  reflect  a  conservative 
estimate  of  the  tendency  of  physicians  to  be  directive. 

Second,  our  findings  may  not  be  representative  of 
all  physicians.  For  example,  the  facts  that  we  over- 
sampled  younger  physicians,  that  younger  physicians  were 
more  likely  to  respond,  and  that  younger  physiciaris  ap- 
pear more  likely  than  older  graduates  to  discuss  prenatal 
diagnosis  suggest  that  we  might  be  overestimating  the  de- 
gree to  which  physicians  in  the  general  population  would 
counsel  about  prenatal  diagnosis.  Similarly,  the  fact  that 
younger  physicians  appear  less  likely  than  older  gradu- 
ates to  give  their  opinions  about  abonion  suggests  that 
our  findings  may  underestimate  the  degree  to  which  phy- 
sicians in  the  general  population  are  directive  about  abor- 
tion. Younger  physicians  may  be  more  aware  of  the  sen- 
sitivity of  the  abortion  issue  or  may  be  trained  to  be  less 
directive  in  general  than  physicians  in  years  past.  Alter- 
natively, young  physicians  may  become  more  directive  as 
they  are  in  practice  longer.  These  are  empirical  questions 
that  warrant  prospective  study. 

Third,  this  study  is  limited  by  the  hypothetical  nature 
of  the  scenario  and  the  focus  on  CF.  Both  are  likely  to  have 
put  psychiatrists  and  internists  at  a  disadvantage.  These  spe- 
cialists have  not  had  much  experience  in  offering  genetic 
services  of  any  kind,  least  of  all  prenatal  genetic  testing. 
We  are  unable  to  generalize  from  the  responses  of  psychia- 
trists and  internists  about  how  they  might  respond  to  the 
availability  of  DNA  testing  for  common  adult  diseases,  such 
as  familial  Alzheimer's  disease  and  colon  cancer,  respec- 
tively. If  the  future  demands  that  these  specialists  have  a 
clear  role  in  genetic  testing  for  adult-onset  diseases,  some 
form  of  postgraduate  training  or  continuing  medical  edu- 
cation may  be  needed  to  provide  them  with  opportunities 
to  learn  about  genetics  and  counseling. 

Subsequent  research  should  evaluate  specialty-  and 
gender-specific  attitudes  toward  genetic  interventions  and 
should  incorporate  qualitative  data-collection  methods, 
such  as  individual  interviews,  focus  groups,  and  audio- 
taped  patient  encounters.  Such  studies  would  provide  a 
more  accurate  picture  of  how  various  pnmary  care  spe- 
cialties are  likely  to  respond  to  and  communicate  about 


new  genetic  tests  and  would  enable  us  to  assess  tne  eiiect 
of  other  influences,  such  as  their  attitudes  toward  abor- 
tion. By  achieving  a  better  understanding  of  how  physi- 
cians will  incorporate  new  genetic  technologies  into  pri- 
mary care  practice,  we  can  enable  appropriate,  safe,  effective, 
and  equitable  use  of  these  technologies. 
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Dr.  HOLTZMAN.  Work  of  the  type  I  have  just  described,  supported 
by  the  Human  Genome  Project,  is  helping  this  country  chart  a 
safer  course  in  the  pathway  from  discovery  of  genes  to  routine  use 
of  genetic  tests.  The  National  Center  for  Human  Genome  Research, 
in  cooperation  with  other  institutes  at  NIH,  has  provided  support 
to  several  medical  centers  to  establish  pilot  programs  for  cystic  fi- 
brosis carrier  screening  and  to  other  centers  to  explore  issues  in 
testing  for  hereditary  breast,  ovarian,  and  colon  cancer. 

NIH  and  DOE  also  supported  the  convocation  of  an  Institute  of 
Medicine  Committee  that  you  heard  about  from  Dr.  Patrinos  to 
consider  ethical,  legal,  and  social  implications  of  genetic  testing.  I 
was  a  member  of  that  committee  and  again,  with  your  permission, 
would  like  to  enter  the  executive  summary  into  the  committee's 
record. 

Mrs.  Lloyd.  Without  objection. 

[The  information  follows:] 
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The  last  decade  has  seen  remarkable  growth  in  the  understanding  of  genetics 
as  applied  to  medicine.  In  addition,  the  technology  for  the  detection  of  genetic 
diseases  has  developed  rapidly,  and  testing  for  genetic  diseases  with  DNA  tech- 
niques has  become  increasingly  possible.  The  last  few  years  have  also  seen  the 
initiation  of  the  Human  Genome  Project,  the  aim  of  which  is  mapping  and  ulti- 
mately sequencing  all  human  genes — giving  special  attention  to  genes  that  cause 
or  may  predispose  to  disease.  As  part  of  this  ambitious  project,  and  for  the  first 
time  in  the  history  of  science,  a  special  effort  is  being  made  as  part  of  a  large 
research  project  to  explore  its  broader  social  implications.  Three  to  five  percent 
of  the  funding  available  for  the  Human  Genome  Project  has  been  set  aside  to 
study  the  many  social,  ethical,  and  legal  implications  that  will  result  from  better 
understanding  of  human  heredity  and  its  impact  on  disease.  Since  assessment  of 
genetic  risks  by  genetic  testing  is  expanding  rapidly,  the  Institute  of  Medicine 
(lOM)  of  the  National  Academy  of  Sciences  undertook  this  study  to  assess  the 
current  status  and  future  implications  of  such  testing.  This  study  deals  with  some 
of  the  scientific  aspects  of  genetic  risk  assessment  as  well  as  the  many  societal 
problems  that  have  already  arisen  and  are  likely  to  be  posed  by  future  develop- 
ments. The  study  was  supported  jointly  by  the  National  Center  for  Human  Ge- 
nome Research  at  the  National  Institutes  of  Health  and  by  the  Department  of 
Energy,  Health  Effects  Program  of  the  Life  Science  Research  Office.  Supplemen- 
tal funding  was  provided  by  the  Markey  Charitable  Trust,  a  private  foundation, 
and  these  funds  were  matched  by  the  Institute  of  Medicine. 

A  multidisciplinary  Committee  on  Assessing  Genefic  Risks  was  consfituted 
/and  held  a  series  of  workshops  and  meetings  (including  a  public  meeting)  on  the 
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many  phases  of  genetic  testing  and  its  impact  on  patients,  providers,  and  laborato- 
ries. Based  on  the  information  gleaned  from  the  many  expert  participants  in  these 
workshops,  the  public,  the  appropriate  scientific  and  policy  literature,  and  exten- 
sive discussions  at  committee  meetings,  the  report  was  written.  As  part  of  its 
process,  the  committee  had  the  benefit  of  a  Liaison  Panel  whose  members  had 
industrial  relationships.  This  panel  worked  with  the  committee  during  the  infor- 
mation gathering  activities;  once  recommendations  and  report  writing  began,  the 
liaison  members  no  longer  participated. 

The  rapidly  changing  nature  of  the  science  and  practice  of  genetic  testing  has 
led  the  committee  to  approach  its  recommendations  by  providing  general  princi- 
ples that  we  hope  will  be  useful  today  and  for  the  next  few  years.  We  tried, 
whenever  possible,  to  avoid  technical  complexities  without  sacrificing  scientific 
accuracy  to  make  our  conclusions  available  to  as  large  an  audience  as  possible. 

Our  committee  hopes  that  this  report  will  be  widely  read,  not  only  by  various 
health  professionals  interested  in  genetics  and  medicine,  but  by  a  broad  audience 
who  makes  and  influences  public  policy,  such  as  federal  and  state  legislators, 
other  officials  and  their  staff,  members  of  genetic  support  groups,  and  the  public. 
Health  professionals,  an  interested  public,  and  policy  makers  will  need  to  be  well 
informed  to  move  forward  with  thoughtful  and  judicious  decision  making  in  this 
area.  These  recommendations  must  be  based  on  solid  facts  and,  at  the  same  time, 
recognize  and  respect  the  multifaceted  aspects  of  our  pluralistic  society.  These 
recommendations  are  the  result  of  carefully  considered  judgment,  based  on  a  care- 
ful review  of  the  state  of  the  art  of  genetic  testing  today  and  our  vision  of  the 
future.  Since  currently  no  single  voice  has  the  authority  to  make  policy  recom- 
mendations in  the  field  of  genetic  risk  assessment  and  testing,  it  is  hoped  the 
findings  of  this  broadly  based  multidisciplinary  lOM  committee  will  serve  as  a  set 
of  recommendations  on  which  future  decisions  can  be  based. 

We  addressed  the  need  for  better  professional  training  of  health  professionals 
and  of  human  and  medical  geneticists.  Many  genetic  tests  will  be  ordered  and 
interpreted  by  primary  care  health  practitioners,  and  not  only  by  geneticists  or 
genetic  counselors.  A  good  understanding  of  genetics  will  therefore  be  required 
for  all  health  care  professionals.  A  movement  of  genetic  testing  from  academic 
institutions  to  commercial  laboratories  is  taking  place  already  and  will  increase  as 
larger  volumes  of  genetic  tests  are  being  ordered.  The  regulation  of  laboratories 
sufficiently  expert  to  carry  out  genetic  testing  as  well  as  quality  control  of  testing 
takes  on  great  importance  and  we  have  developed  a  series  of  recommendations  on 
these  important  matters. 

Various  health  care  providers  and  medical  geneticists  already  have  consider- 
able experience  with  newborn  screening,  with  prenatal  diagnosis,  with  carrier  test- 
ing in  high-risk  populations,  and  with  testing  for  a  variety  of  genetic  diseases. 
However,  the  development  of  genetic  tests  for  diseases  that  manifest  in  middle 
and  late  life  is  just  beginning  to  be  explored.  It  is  in  this  area  that  much  new 
ground  needs  to  be  covered.  While  interpretation  of  tests  for  single  gene  disorders 


66 


PREFACE 


of  late  onset,  including  familial  cancer,  is  not  easy,  the  complexities  of  testing  and 
interpretations  for  the  gene  constellations  that  predispose  to  many  common  dis- 
eases such  as  coronary  heart  disease,  diabetes  mellitus,  hypertension,  and  others 
raise  new  problems.  These  dilemmas  will  become  particularly  thorny  if  testing 
for  the  yet  undiscovered  genes  predisposing  to  common  psychiatric  diseases  such 
as  schizophrenia  and  manic  depressive  disorders  becomes  a  reality. 

Testing  of  DNA  from  various  body  tissues  for  the  early  mutational  events  that 
predispose  to  a  variety  of  common  cancers  is  on  the  horizon.  This  area  of  genetic 
testing  promises  to  revolutionize  early  cancer  detection  and  poses  many  problems 
of  health  monitoring. 

Many  issues  raised  by  genetic  testing  do  not  have  a  single  or  unambiguous 
solution,  and  different  well-informed  and  well-meaning  observers  may  disagree 
with  each  other.  Public  health  oriented  policy  makers,  many  physicians,  and  a 
significant  proportion  of  the  public  might  consider  the  reduction  of  genetic  dis- 
ease as  a  principal  goal  of  work  in  this  area.  Our  committee  stressed  the  impor- 
tance of  autonomous  decision  making  by  individuals  and  by  the  family  even  if  the 
development  of  a  genetic  disease  might  be  the  outcome.  We  believe  that  in  a 
society  such  as  ours,  autonomy  far  outweighs  any  public  health  considerations.  In 
practice,  most  informed  couples  do,  in  fact,  select  various  courses  of  actions  that 
lead  to  a  lower  frequency  of  genetic  disease. 

There  is  a  strong  and  continuing  tradition  of  nondirective  genetic  counseling 
in  medical  genetics,  and  we  were  emphatic  in  stressing  nondirectiveness.  Howev- 
er, impressed  by  medical  advances  that  can  lead  to  prevention  and  treatment  of 
some  genetic  diseases,  many  of  us  feel  that  there  is  an  obligation  under  such 
circumstances  to  provide  appropriate  medical  advice  with  guidance  to  select  a 
specific  preventive  or  therapeutic  course  of  action  after  a  full  discussion  of  all 
consequences  (including  possible  insurance  repercussions  and  employment  dis- 
crimination). At  the  same  time,  all  committee  members  strongly  uphold  the  prin- 
ciple of  nondirective  counseling  for  reproductive  decisions. 

Amo  G.  Motulsky,  M.D.,  Sc.D. 
Chair 

ADDITIONAL  VIEWS  OF  THE  CHAIRMAN* 

Our  report  may  strike  some  observers  as  emphasizing  the  problematic  aspects 
of  genetic  testing.  All  members  of  the  Committee  on  Assessing  Genetic  Risks  are 
excited  about  the  great  promise  and  potential  of  genetic  testing  for  the  prevention 
and  treatment  of  genetic  diseases.  Since  the  positive  aspects  of  genetic  testing  are 
clear,  this  perspective  required  less  explication.   Our  report,  therefore,  covers  in 


*The  opinions  expressed  are  my  own  and  do  not  represent  the  consensus  of  a  majority  of  the 
committee. 
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some  detail  the  difficulties  raised  by  genetic  testing  and  screening,  and  suggests 
some  solutions  and  guidelines. 

Our  emphasis  on  genetic  education  may  be  considered  somewhat  Utopian 
when  an  increasing  proportion  of  the  population  is  illiterate  and  dropout  rates  in 
high  schools  are  rising.  Nevertheless,  we  feel  that  an  understanding  of  genetics 
will  be  most  important  in  the  future,  not  only  for  an  appreciation  of  the  role  of 
genetics  in  health  and  disease,  but  also  for  making  decisions  on  issues  such  as  the 
use  of  foods  developed  with  DNA  technologies.  Even  though  we  may  not  be  able 
to  educate  everyone,  much  more  intensive  coverage  of  genetics  in  the  schools  at 
all  levels,  as  well  as  responsible  reporting  in  the  media,  is  something  to  which  all 
of  us  strongly  subscribe. 

The  recommendations  regarding  newborn  screening  represent  somewhat  ide- 
al scenarios  that  may  require  some  modification  in  practice.  For  example,  even 
though  full  genetic  education  and  counseling  would  be  ideal  prior  to  newborn 
screening,  such  a  practice  may  not  be  currently  realistic.  For  every  single  affected 
infant,  there  will  be  many  thousands  of  unaffected  children.  Pretest  education  and 
counseling  in  such  a  situation  cannot,  by  necessity,  be  as  comprehensive  as  in 
scenarios  where  the  pretest  probability  for  a  child  to  be  affected  is  high.  However, 
once  a  child  is  found  to  be  affected,  equally  intensive  counseling  and  appropriate 
follow-up  are  indicated  in  both  situations. 

The  majority  of  our  committee  was  persuaded  that  voluntary  participation  in 
neonatal  screening  was  the  best  way  to  ensure  that  children  would  be  screened 
and  parental  autonomy  maintained.  Everyone  agreed  that  testing  should  always 
be  offered  for  phenylketonuria  (PKU)  and  hypothyroidism  since  early  treatment 
is  highly  successful.  Some  committee  members  feel  that  mandatory  screening  for 
these  two  conditions  would  be  a  simpler  solution. 

The  common,  medically  innocuous  sickle  cell  trait  will  frequently  be  detect- 
ed in  African- American  children  as  a  side  product  of  newborn  testing  for  sickle 
cell  anemia.  Once  this  knowledge — with  its  significant  reproductive  implications 
for  the  parents — is  available,  such  information  is  difficult  to  withhold  and  in  my 
opinion  should  be  given  to  the  mother  with  appropriate  genetic  counseling. 

There  is  agreement  that  information  regarding  carrier  status  of  a  medically 
innocuous  genetic  trait  should  not  be  used  to  discriminate  against  a  child  being 
considered  for  adoption.  However,  once  a  disease  has  been  diagnosed  or  if  there 
is  a  high  risk  of  a  medically  significant  condition,  I  believe  strongly  that  prospec- 
tive adoptive  parents  should  be  provided  this  information. 

Amo  G.  Motulsky,  M.D.,  Sc.D. 
Chair 
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This  report  includes  a  number  of  recommendations  that  the  committee  hopes 
will  achieve  the  goal  of  acquiring  and  using  genetic  information  in  health  care  in 
a  manner  that  respects  the  autonomy  of  individuals. 

Genetic  testing  may  raise  complex  or  novel  questions  about  the  right  to  ac- 
cess information,  and  these  questions  may  have  legal  ramifications.  This  report 
should  not  be  interpreted  as  creating  a  set  of  legal  guidelines.  Relevant  laws  and 
regulations  will  vary  from  state  to  state.  Clinicians  or  other  persons  who  have 
questions  about  the  appropriate  management  of  genetic  information  may  on  occa- 
sion wish  to  consider  seeking  legal  counsel. 
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Approximately  3  percent  of  all  children  are  bom  with  a  severe  disorder  that  is 
presumed  to  be  genetic  in  origin,  and  several  thousand  definite  or  suspected  sin- 
gle-gene diseases  have  been  described.  Most  of  these  diseases  manifest  them- 
selves early  in  life,  although  some  inherited  diseases — and  many  others  that  have 
a  genetic  component — have  their  onset  much  later  in  life  (e.g.,  diabetes  mellitus 
or  mental  illness).  Then  there  are  many  disorders  in  which  both  genetic  and  envi- 
ronmental factors  play  major  roles  (e.g.,  coronary  heart  disease,  hypertension). 
These  "complex"  disorders  are  more  common  than  single-gene  diseases  and  thus, 
in  the  aggregate,  constitute  a  greater  public  health  burden.  Many  disease  genes 
can  be  detected  in  individuals  before  symptoms  occur,  but  for  many  common 
diseases  with  some  genetic  basis,  such  as  heart  disease  and  cancer,  the  detection 
of  genetic  alterations  might  only  indicate  susceptibility,  not  the  certainty  of  dis- 
ease. 

PROMISE  AND  PROBLEMS  IN  GENETIC  TESTING 

The  ability  to  diagnose  genetic  disease  has  developed  rapidly  over  the  past  20 
years,  and  the  Human  Genome  Project,  with  its  ambitious  goal  of  mapping  and 
sequencing  the  entire  genome,  will  bring  a  further  explosion  in  our  knowledge  of 
the  structure  and  function  of  human  genes.  The  ultimate  goals  of  these  scientific 
advances  are  the  treatment,  cure,  and  eventual  prevention  of  genetic  disorders,  but 
effective  interventions  lag  behind  the  ability  to  detect  disease  or  increased  suscep- 
tibility to  disease.  Thus,  many  genetic  services  today  consist  of  diagnosis  and 
counseling;  effective  treatment  is  rare.    Nevertheless,  as  more  genes  are  identi- 
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fied,  there  is  growing  pressure  to  broaden  existing  screening  programs,  and  other- 
wise increase  both  the  number  of  available  genetic  tests  and  the  volume  of  genetic 
information  they  generate. 

The  rapidly  changing  science  and  practice  of  genetic  testing  raise  a  number 
of  scientific,  ethical,  legal,  and  social  issues.  The  national  investment  in  the  Hu- 
man Genome  Project  will  greatly  increase  the  capacity  to  detect  genes  leading  to 
disease  susceptibility.  It  will  also  greatly  increase  the  availability  of  genetic  test- 
ing over  the  next  5  to  10  years,  identifying  the  genetic  basis  for  diseases — even 
some  newly  discovered  to  be  genetic — and  increasing  the  number  of  tests  for 
detecting  them.  The  emergence  of  the  biotechnology  industry  increases  the  like- 
lihood that  these  findings  will  be  rapidly  translated  into  widely  available  test  kits 
and  diagnostic  products.  Entrepreneurial  pressure  may  also  lead  to  the  develop- 
ment of  commercial  and  academic  "genetic  testing  services"  that  would  not  be 
regulated  under  current  Food  and  Dnig  Administration  (FDA)  procedures.  Prob- 
lems of  laboratory  quality  control  would  be  heightened  by  the  introduction  of 
"multiplex"  tests  that  detect  the  presence  of  numerous  genetic  markers — for  dis- 
ease, carrier  status,  and  susceptibility  alike — at  the  same  time.  And  the  potential 
for  generating  all  of  this  genetic  information  about  individuals  raises  serious  ques- 
tions of  informed  consent,  confidentiality,  and  discrimination.  Over  the  next  five 
to  ten  years,  there  will  be  an  increasing  number  of  personal  and  public  policy 
decisions  related  to  genefic  testing;  well-trained  health  professionals  and  an  inter- 
ested and  informed  public  will  both  be  key  to  that  decision  making. 

As  genetic  screening  becomes  more  widespread,  these  issues  threaten  to  out- 
run current  ethical  and  regulatory  standards,  as  well  as  the  training  of  health  pro- 
fessionals. There  will  be  a  need  for  greater  numbers  of  genetics  specialists,  but 
genetic  testing  is  no  longer  just  for  specialists.  Increasingly,  primary  care  provid- 
ers will  be  called  upon  to  administer  tests,  counsel  patients,  and  protect  their  pri- 
vacy. Government  officials  and  the  broader  public  will  also  be  called  upon  to 
participate  in  setting  public  policy  for  genetic  testing  and  in  making  difficult  deci- 
sions, public  and  private,  based  on  the  results  of  genetic  tests.  Consequently, 
there  must  be  a  significant  increase  in  genetics  education,  both  in  the  medical 
curriculum  and  for  all  Americans.  Finally,  there  will  be  a  need  for  centralized 
oversight  to  ensure  that  new  genetic  tests  are  accurate  and  effective,  that  they  are 
performed  and  interpreted  with  close  to  "zero-error"  tolerance,  and  that  the  results 
of  genetic  testing  are  not  used  to  discriminate  against  individuals  in  employment 
or  health  insurance. 

COMMITTEE  ON  ASSESSING  GENETIC  RISKS 

This  study  of  the  scientific,  ethical,  legal,  and  social  issues  implicit  in  the 
field  of  genetic  diagnosis,  testing,  and  screening  was  supported  jointly  by  the 
National  Center  for  Human  Genome  Research  at  the  National  Institutes  of  Health 
and  the  Department  of  Energy's  Health  Effects  and  Life  Sciences  Research  Of- 
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fice.  Supplemental  funding  was  also  provided  by  the  Markey  Charitable  Trust 
and  the  Institute  of  Medicine.  The  Committee  on  Assessing  Genetic  Risks  hopes 
that  this  report  will  be  widely  read,  not  only  by  various  health  professionals  inter- 
ested in  genetics  and  preventive  medicine,  but  by  a  wide-ranging  audience  who 
makes  and  influences  public  policy  in  the  United  States,  including  members  of 
genetic  support  groups  and  the  public. 

The  establishment  of  the  Ethical,  Legal,  and  Social  Implications  (ELSI)  Pro- 
gram in  the  Human  Genome  Project  (HGP)  and  the  set-aside  of  the  first  3  to  5 
percent  of  the  HGP  research  budget  for  the  study  of  ethical,  legal,  and  social 
issues  is  unique  in  the  history  of  science.  This  support  gives  us  the  opportunity  to 
"worry  in  advance"  about  the  implications  and  impacts  of  the  mapping  and  se- 
quencing of  the  human  genome,  including  several  thousand  human  disease  genes, 
before  wide-scale  genetic  diagnosis,  testing,  and  screening  come  into  practice, 
rather  than  after  the  problems  have  presented  themselves  in  full  relief. 

The  committee  took  its  starting  point  from  the  wise  advice  of  the  1975  Na- 
tional Academy  of  Sciences  study  Genetic  Screening:  Programs,  Principles,  and 
Research: 

Screening  programs  for  genetic  diseases  and  characteristics  .  .  .  have  multi- 
plied rapidly  in  the  past  decade,  and  many  have  been  begun  without  prior 
testing  and  evaluation  and  not  always  for  reasons  of  health  alone.  Changes 
in  disease  patterns  and  a  new  emphasis  on  preventive  medicine,  as  well  as 
recent  and  rapid  advances  in  genetics,  indicate  that  screening  for  genetic 
characteristics  will  become  more  common  in  the  future.  These  conditions, 
together  with  the  mistakes  already  made,  suggested  the  need  for  a  review 
of  current  screening  practices  that  would  identify  the  problems  and  diffi- 
culties and  give  some  procedural  guidance,  in  order  to  minimize  the  short- 
comings and  maximize  the  effectiveness  of  future  genetic  screening  pro- 
grams. 

These  words,  written  almost  20  years  ago,  remain  just  as  valid  today  for  genetic 
testing  and  diagnosis.  The  committee  reaffirms  the  sentiments  expressed  in  the 
1975  report  and  hopes  to  update  and  broaden  their  application  for  the  1990s  and 
beyond. 

As  a  result,  the  committee  has  posed  its  recommendations  in  terms  of  general 
principles  that  we  hope  will  be  useful  today — and  for  some  years  into  the  future — 
for  the  evaluation  of  expanded  genetic  diagnosis,  testing,  and  screening.  Although 
these  recommendations  reflect  what  is  known  today,  and  what  experts  foresee  for 
the  next  few  years,  the  committee  had  no  crystal  ball  and,  therefore,  tried  to  devel- 
op criteria  and  to  suggest  processes  for  assessing  when  new  tests  are  ready  for 
pilot  introduction  and  for  widespread  application  in  the  population. 

The  committee's  fundamental  ethical  principles  include  voluntariness,  in- 
formed consent,  and  confidentiality,  which  in  turn  derive  from  respect  for  auton- 
omy, equity,  and  privacy.  Other  committee  principles  described  in  the  report  in- 
clude the  necessity  of  (1)  high-quality  tests  (of  high  specificity  and  sensitivity) 


75 


ASSESSING  GENETIC  RISKS 


performed  with  the  highest  level  of  proficiency  and  interpreted  correctly;  and  (2) 
conveying  information  to  clients — both  before  and  after  testing — in  an  easily  un- 
derstood manner  through  genetic  education  and  counseling  that  is  relevant  to  the 
needs  and  concerns  of  the  client.  These  principles  are  the  absolute  foundation  of 
genetic  testing. 

It  is  the  view  of  the  committee  that,  until  benefits  and  risks  have  been  defined, 
genetic  testing  and  screening  programs  remain  a  form  of  human  investigation. 
Therefore,  routine  use  of  tests  should  be  preceded  by  pilot  studies  that  demon- 
strate their  safety  and  effectiveness.  Standard  safeguards  should  be  applied  in 
conducting  these  pilot  studies,  and  independent  review  of  the  pilot  studies  should 
be  conducted  to  determine  whether  the  test  should  be  offered  clinically.  Publicly 
supported  population-based  screening  programs  are  justified  only  for  disorders  of 
significant  severity,  impact,  frequency,  and  distribution,  and  when  there  is  con- 
sensus that  the  available  interventions  warrant  the  expenditure  of  funds.  In- 
formed consent  should  be  an  essential  element  of  all  screening.  These  princi- 
ples and  procedures  described  above  should  apply  to  genetic  testing 
regardless  of  the  setting,  whether  in  primary  medical  practice,  public  pro- 
grams, or  any  other  settings. 

GENETIC  TESTING  AND  ASSESSMENT 

Genetic  tests  include  the  many  different  laboratory  assays  used  to  diagnose  or 
predict  a  genetic  condition  or  the  susceptibility  to  genetic  disease.  Genetic  testing 
denotes  the  use  of  specific  assays  to  determine  the  genetic  status  of  individuals 
already  suspected  to  be  at  high  risk  for  a  particular  inherited  condition  because  of 
family  history  or  clinical  symptoms;  genetic  screening  involves  the  use  of  various 
genetic  tests  to  evaluate  populations  or  groups  of  individuals  independent  of  a 
family  history  of  a  disorder.  However,  these  terms  are  commonly  used  inter- 
changeably, and  the  committee  has  generally  used  the  term  genetic  testing  unless 
a  specific  aspect  of  genetic  screening  alone  is  being  discussed.  Genetic  counsel- 
ing refers  to  the  communication  process  by  which  individuals  and  their  family 
members  are  given  information  about  the  nature,  recurrence  risk,  burden,  risks 
and  benefits  of  tests,  and  meaning  of  test  results,  including  reproductive  options 
of  a  genetic  condition,  as  well  as  counseling  and  support  concerning  the  implica- 
tions of  such  genetic  information. 


Newborn  Screening 

At  the  present  time,  there  are  10  genetic  conditions  for  which  some  states 
screen  newborns,  although  the  scope  of  such  screening  varies  by  state  (see  Table 
1).  It  is  also  possible  to  extract  DNA  from  the  newborn  blood  "spots"  that  are 
used  for  these  tests.  There  is  increasing  pressure  to  test  old  blood  samples  for  a 
wide  variety  of  disorders,  as  well  as  to  do  DNA  testing  on  newborns  for  a  wide 
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TABLE  1     Genetic  Disorders  for  Which  Newborns  Were 
Screened  in  the  United  States  in  1990 

No.  of  States  That 
Disorder  Provided  Screening" 

Phenylketonuria  52 

Congenital  hypothyroidism''  52 

Hemoglobinopathy  42*^ 

Galactosemia  38 

Maple  syrup  urine  disorder  22 

Homocysteinuria  21 

Biotinidase  deficiency  14 
Adrenal  hyperplasia  8 

Tyrosinemia  5 

Cystic  fibrosis  3"^ 

''Includes  District  of  Columbia,  Puerto  Rico,  and  U.S.  Virgin  Islands. 

^Only  a  proportion  of  cases  have  a  genetic  etiology. 

'"Utah's  hemoglobinopathy  pilot  study  (6-1-90  through  3-31-91)  has 
been  discontinued. 

"Wisconsin's  cystic  fibrosis  screening  program  is  for  research  purposes 
only. 

SOURCE:    Council  of  Regional  Networks  for  Genetic  Services,  1992. 

variety  of  disorders  in  the  future.  As  basic  principles  to  govern  newborn  screen- 
ing, the  committee  recommends  that  such  screening  take  place  only  when  (1) 
there  is  a  clear  indication  of  benefit  to  the  newborn,  (2)  a  system  is  in  place  to 
confirm  the  diagnosis,  and  (3)  treatment  and  follow-up  are  available  for  af- 
fected newborns.  In  addition,  the  committee  does  not  beheve  that  newborns 
should  be  screened  using  multiplex  testing  for  many  disorders  at  one  time  unless 
all  of  the  disorders  meet  the  principles  described  by  the  committee  in  this  report 
(see  Chapters  2  and  8). 

To  determine  clear  benefit  to  the  newborn,  well-designed  and  peer-reviewed 
pilot  studies  are  required  to  demonstrate  the  safety  and  effectiveness  of  the  pro- 
posed screening  program.  In  pilot  studies  for  new  population-based  newborn 
screening  programs,  parents  should  be  informed  of  the  investigational  nature  of 
the  test  and  have  the  opportunity  to  consent  to  the  participation  of  their  infant. 
Since  some  existing  programs  may  not  have  been  subject  to  careful  evalua- 
tion, the  committee  recommends  that  ongoing  programs  be  reviewed  period- 
ically, preferably  by  an  independent  body  that  is  authorized  to  add,  elimi- 
nate, or  modify  existing  programs  (see  Chapters  1,  3,  and  9).  The  need  for 
ongoing  review  and  revision  also  suggests  that  detailed  statutory  requirements  for 
specific  tests  may  be  unduly  inflexible;  state  statutes  should  provide  guidance  for 
standards — not  prescriptions.  The  committee  recommends  that  states  with 
newborn  screening  programs  for  treatable  disorders  also  have  programs 
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available  to  ensure  that  necessary  treatment  and  follow-up  services  are  pro- 
vided to  affected  children  identified  through  newborn  screening  without  re- 
gard to  ability  to  pay.  Informed  consent  should  also  be  an  integral  part  of  new- 
bom  screening,  including  disclosure  of  the  benefits  and  risks  of  the  tests  and 
treatments.  Finally,  mandatory  screening  has  not  been  shown  to  be  essential 
to  achieve  maximum  public  health  benefits;  however,  it  is  appropriate  to  man- 
date the  offering  of  established  tests  (e.g.,  phenylketonuria,  hypothyroidism) 
where  early  diagnosis  leads  to  improved  treatable  outcomes.  (See  Chapter  8.) 

Newborns  should  not  be  screened  for  the  purpose  of  determining  the 
carrier  status  of  the  newborn  or  its  parents  for  autosomal  recessive  disor- 
ders. Instead,  couples  in  high-risk  populations  who  are  considering  reproduction 
should  be  offered  carrier  screening  for  themselves  (see  below).  When  carrier 
status  may  be  incidentally  determined  in  newborn  screening  (e.g.,  in  sickle  cell 
screening),  parents  should  be  informed  in  advance  about  the  benefits  and  limita- 
tions of  genetic  information,  and  that  this  information  is  not  relevant  to  the  health 
of  their  child.  If  they  ask  for  the  results  of  the  incidentally  determined  carrier 
status  for  their  own  reproductive  planning,  it  should  be  communicated  to  them  in 
the  context  of  genetic  counseling,  and  they  should  be  informed  that  misattributed 
paternity  could  be  revealed.  Newborn  screening  programs  should  include  pro- 
vision for  counseling  of  parents  who  are  informed  that  the  child  is  affected 
with  a  genetic  disorder. 

The  committee  recognizes  the  complexities  of  identifying  information  about 
misattributed  paternity.  On  balance,  the  committee  recommends  that  informa- 
tion on  misattributed  paternity  be  communicated  to  the  mother,  but  not  be 
volunteered  to  the  woman's  partner.  There  may  be  special  circumstances  that 
warrant  such  disclosure,  but  these  situations  present  difficult  counseling  challeng- 
es (see  Chapters  4  and  8). 

Stored  newborn  blood  spots  should  be  made  available  for  additional  re- 
search only  if  identifiers  have  been  removed.  As  with  other  research  involving 
human  subjects,  research  proposals  for  the  subsequent  use  of  newborn  blood  spots 
should  be  reviewed  by  an  appropriate  institutional  review  board.  If  identifiable 
information  is  to  be  disclosed,  informed  consent  of  the  infant's  parent  or  guardian 
should  be  obtained  prior  to  use  of  the  specimen  (see  Chapters  2  and  8  for  further 
discussion).  Although  DNA  typing  will  provide  new  tools  for  newborn  screening, 
in  general,  the  committee  recommends  that  these  tools  be  employed  only  ( 1 )  when 
genetic  heterogeneity  of  conditions  to  be  detected  is  small;  (2)  when  the  sensitiv- 
ity of  detecting  disease-causing  mutations  is  high;  (3)  when  costs  are  reasonable; 
and  (4)  when  the  benefits  to  newborns  of  early  detection  are  clear 

Carrier  Identification 

Carrier  testing  is  usually  provided  for  purposes  of  reproductive  planning. 
The  committee  recommends  that  couples  in  high-risk  populations  who  are 
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considering  reproduction  be  offered  carrier  screening  before  pregnancy  if 
possible.  Standard  safeguards  such  as  institutional  review  and  demonstrated 
safety  and  effectiveness  should  be  applied  in  initiating  any  carrier  detection 
program.  First,  the  test  should  be  accurate,  sensitive,  and  specific.  In  the  future, 
such  screening  will  be  done  increasingly  as  part  of  routine  medical  care;  the  same 
principles  should  apply  regardless  of  the  setting.  Carrier  testing  and  screening 
should  also  be  voluntary,  with  high  standards  of  informed  consent  and  attention  to 
telling  individuals  or  couples,  in  easily  understood  terms,  the  medical  and  social 
choices  available  to  them  should  they  be  found  at  risk  for  disease  in  their  off- 
spring, including  termination  of  the  pregnancy.  Research  is  needed  to  develop 
innovative  methods  for  providing  carrier  testing  in  young  adults  before  pregnancy 
and  to  evaluate  these  methods  through  pilot  studies.  The  committee  had  reserva- 
tions about  carrier  screening  programs  in  the  high  school  setting  in  the  United 
States  and  about  carrier  screening  of  persons  younger  than  age  18. 

With  improving  technology,  carrier  status  for  many  different  rare  autosomal 
and  X-linked  recessive  disorders  will  be  detectable  by  multiplex  technology  (see 
Chapters  1  and  8).  Obtaining  appropriate  informed  consent  before  testing  for 
each  of  these  disorders  will  be  a  challenge  (see  Chapter  4).  Multiplexed  tests 
should,  therefore,  be  grouped  into  categories  of  tests  (and  disorders)  that 
raise  similar  issues  and  implications  for  informed  consent  and  for  genetic 
education  and  counseling  (see  Chapters  1 , 4,  and  8).  If  carrier  status  is  detected, 
individuals  should  be  informed  of  their  carrier  status  to  allow  testing  and  counsel- 
ing to  be  offered  to  their  partners.  Usually,  the  partner  will  be  found  not  to  be  a 
carrier;  however,  if  both  partners  are  carriers,  they  should  be  referred  for  genetic 
counseling  to  help  them  understand  available  reproductive  options,  including  the 
possibility  of  abortion  of  an  affected  fetus  identified  through  prenatal  diagnosis. 

Prenatal  Diagnosis 

Anyone  considering  prenatal  diagnosis  must  be  fully  informed  about  the 
risks  and  benefits  of  both  the  testing  procedure  and  the  possible  outcomes,  as 
well  as  alternative  options  that  might  be  available.  Disclosure  should  include 
full  information  concerning  the  spectrum  of  severity  of  the  genetic  disorders  for 
which  prenatal  diagnosis  is  being  offered  (e.g.,  cystic  fibrosis  or  fragile  X).  Fur- 
thermore, invasive  prenatal  diagnosis  is  only  justified  if  the  diagnostic  procedures 
are  accurate,  sensitive,  and  specific  for  the  disorder(s)  for  which  prenatal  diagno- 
sis is  being  offered.  Standards  of  care  for  prenatal  screening  and  diagnosis 
should  also  include  education  and  counseling  before  and  after  the  test,  either 
directly  or  by  referral,  and  ongoing  counseling  should  also  be  available  fol- 
lowing termination  of  pregnancies. 

The  committee  believes  that  ojfehng  prenatal  diagnosis  is  an  appropriate 
standard  of  care  in  circumstances  associated  with  increased  risk  of  carrying  a 
fetus  with  a  diagnosable  genetic  disorder,  including  the  increased  risks  associated 
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with  advanced  maternal  age.  However,  the  committee  was  concerned  about  the 
use  of  prenatal  diagnosis  for  identification  of  trivial  characteristics  or  conditions. 
It  was  the  consensus  of  this  committee  that  prenatal  diagnosis  should  only  be 
offered  for  the  diagnosis  of  genetic  disorders  and  birth  defects.  A  family 
history  of  a  diagnosable  genetic  disorder  warrants  the  offering  of  prenatal  diagno- 
sis, regardless  of  maternal  age,  as  does  determination  of  carrier  status  in  both 
parents  of  an  autosomal  recessive  disorder  for  which  prenatal  diagnosis  is  avail- 
able. Prenatal  diagnostic  services  for  detection  of  genetic  disease  for  which  there 
is  a  family  history  should  be  reimbursed  by  insurers  (see  Chapters  2  and  7).  Abil- 
ity to  pay  should  not  restrict  appropriate  access  to  prenatal  diagnosis  or  termina- 
tion of  pregnancy  of  an  affected  fetus. 

The  committee  felt  strongly  that  the  use  of  fetal  diagnosis  for  determina- 
tion of  fetal  sex  and  the  subsequent  use  of  abortion  for  the  purpose  of  prefer- 
ential selection  of  the  sex  of  the  fetus  represents  a  misuse  of  genetic  services 
that  is  inappropriate  and  should  be  discouraged  by  health  professionals. 
More  broadly,  reproductive  genetic  services  should  not  be  used  to  pursue 
eugenic  goals,  but  should  be  aimed  at  increasing  individual  control  over  re- 
productive options.  As  a  consequence,  additional  research  is  needed  on  the  im- 
pact of  prenatal  diagnosis,  particularly  its  immediate  and  long-term  impact  on 
women,  and  on  the  design  and  evaluation  of  genetic  counseling  techniques  for 
prenatal  diagnosis  for  the  future. 

Testing  for  Late-Onset  Disorders 

Science  is  moving  closer  to  defining  the  genetics  of  such  adult  disorders  as 
Alzheimer  disease,  a  variety  of  cancers,  heart  disease,  and  arthritis,  to  name  a  few 
(see  Chapter  2).  A  combination  of  genetic  and  environmental  factors  plays  a 
predominant  role  in  most  people  afflicted  with  these  disorders,  but  we  do  not  yet 
understand  why  some  people  with  a  certain  gene(s)  develop  a  disease  and  others 
do  not.  Although  further  work  may  eventually  elucidate  the  gene(s)  involved, 
there  may  be  long  delays  until  the  time  when  effective  interventions  are  available 
for  many  disorders.  Furthermore,  not  all  affected  individuals  will  have  an  identi- 
fiable genetic  basis  to  their  disorder.  Thus,  the  complexities  involved  in  determin- 
ing and  establishing  susceptibility,  sorting  out  potential  environmental  influences, 
and  devising  a  strategy  for  counseling  and  treatment  will  pose  tremendous  chal- 
lenges in  the  future. 

Many  of  these  diseases  do  not  manifest  clinically  until  adulthood  and  may 
become  apparent  only  in  middle  age  or  later.  Predictive  ox  pre  symptomatic  testing 
and  screening  can  provide  clues  about  geneUc  susceptibility  or  predisposition  to 
genetic  disorders.  For  monogenic  disorders  of  late  onset,  such  as  Huntington 
disease,  tests  will  usually  be  highly  predictive.  Many  common  diseases  usually 
have  multifactorial — or  complex — causation,  including  both  multiple  genetic  fac- 
tors and  environmental  effects;  for  these  disorders,  prediction  will  be  less  certain. 
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Many  common  diseases  of  adulthood,  including  coronary  artery  disease,  some 
cancers,  diabetes,  high  blood  pressure,  rheumatoid  arthritis,  and  some  psychiatric 
diseases,  fall  into  this  category.  However,  in  rare  forms  of  these  common  diseas- 
es, single  genes  may  play  the  decisive  role;  screening  for  disease-causing  alleles 
of  these  genes  will  be  of  much  greater  predictive  value. 

The  committee  therefore  recommends  caution  in  the  use  and  interpreta- 
tion of  presymptomatic  or  predictive  tests.  The  nature  of  these  predictions  will 
usually  be  probabilistic  (i.e.,  with  a  certain  degree  of  likelihood  of  occurrence) 
and  not  deterministic  (i.e.,  not  definite,  settled,  or  without  doubt).  The  dangers  of 
stigmatization  and  discrimination  are  areas  of  concern,  as  is  the  potential  for  harm 
due  to  inappropriate  preventive  or  therapeutic  measures.  Since  environmental 
factors  are  often  essential  for  the  manifestation  of  complex  diseases,  the  detection 
of  those  at  high  risk  will  identify  certain  individuals  who  will  most  benefit  from 
certain  interventions  (e.g.,  dietary  measures  in  coronary  heart  disease).  Identifi- 
cation of  some  persons  at  high  risk  for  certain  cancers  suggests  that  more  frequent 
monitoring  may  identify  the  earliest  manifestations  of  cancer  when  treatability  is 
greatest  (e.g.,  colon  cancer);  research  is  needed  on  the  psychosocial  implications 
of  such  testing  in  both  adults  and  children. 

Further  research  and  the  unfolding  of  the  Human  Genome  Project  are  likely 
to  reveal  the  underlying  genes  mediating  predisposition  to  numerous  common 
diseases,  and  genetic  susceptibility  testing  will  be  increasingly  possible.  Certain 
environmental  factors  may  interact  with  only  one  set  of  genes  and  not  with  anoth- 
er. There  may  also  be  interaction  between  the  various  genes  involved,  so  that  the 
effects  of  multiple  gene  action  cannot  be  predicted  by  separate  analyses  of  each  of 
the  single  genes.  In  such  cases,  definitive  predicUon  will  rarely,  if  ever,  be  possi- 
ble. When  dealing  with  genetic  tesfing  for  some  non-Mendelian  diseases,  it  will 
be  impossible  to  group  individuals  into  two  distinct  categories — those  at  no  (or 
very  low)  risk  and  those  at  high  risk.  Extensive  counseling  and  education  will  be 
essential  in  any  testing  for  genetic  susceptibility.  The  benefits  of  the  various 
presymptomatic  intervenfions  must  be  weighed  against  the  potential  anxiety,  sfig- 
mafization,  and  other  possible  harms  to  individuals  who  are  informed  that  they  are 
at  increased  risk  of  developing  future  disease. 

Population  screening  for  predisposition  to  late-onset  monogenic  diseases 
should  only  be  considered  for  treatable  or  preventable  conditions  of  relative- 
ly high  frequency.  Under  such  guidelines,  population  screening  should  only  be 
offered  after  appropriate,  reliable,  sensitive,  and  specific  tests  become  available. 
Such  tests  do  not  yet  exist.  The  committee  recommends  that  the  predictive  value 
of  genetic  tests  be  thoroughly  validated  in  prospective  studies  of  sufficient  size 
and  statistical  power  before  their  widespread  applicafion.  Since  there  will  be  a 
considerable  time  lag  before  the  appearance  of  confirmatory  symptoms,  these 
studies  will  require  support  lor  long  periods  of  time  (see  Chapter  3). 

In  the  case  of  predictive  tests  for  mental  disorders,  results  must  be  han- 
dled with  stringent  attention  to  confidentiality  to  protect  an  already  vulnera- 
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ble  population.  If  no  effective  treatment  is  available,  testing  may  not  be  appro- 
priate since  more  harm  than  good  could  result  from  improper  use  of  test  results. 
On  the  other  hand,  future  research  might  result  in  psychological  or  drug  treat- 
ments that  could  prevent  the  onset  of  these  diseases.  Carefully  designed  pilot 
studies  should  be  conducted  to  determine  the  effectiveness  of  such  interventions 
and  to  measure  the  desirability  and  psychosocial  impact  of  such  testing.  Interpre- 
tation and  conmiunication  of  predictive  test  results  in  psychiatry  will  be  particu- 
larly difficult.  To  prepare  for  the  issues  associated  with  genetic  testing  for  psychi- 
atric diseases  in  the  future,  psychiatrists  and  other  mental  health  professionals  will 
need  more  training  in  genetics  and  genetic  counseling;  such  training  should  in- 
clude the  ethical,  legal,  and  social  issues  in  genetic  testing. 

Because  of  their  wide  applicability,  it  is  likely  there  will  be  strong  commer- 
cial interests  in  the  introduction  of  genetic  tests  for  common,  high-profile  com- 
plex disorders.  Strict  guidelines  for  efficacy  therefore  will  be  necessary  to 
prevent  premature  introduction  of  this  technology. 

Testing  of  Children  or  Minors 

Children  should  generally  be  tested  only  for  genetic  disorders  for  which 
there  exists  an  efTective  curative  or  preventive  treatment  that  must  be  insti- 
tuted early  in  life  to  achieve  maximum  benefit.  Childhood  testing  is  not  appro- 
priate for  carrier  status,  untreatable  childhood  diseases,  and  late-onset  diseases 
that  cannot  be  prevented  or  forestalled  by  eariy  treatment.  In  general,  the  commit- 
tee believes  that  testing  of  minors  should  be  discouraged  unless  delaying  such 
testing  would  reduce  benefits  of  available  treatment  or  monitoring.  It  is  essential 
that  the  individual  seeking  testing  understand  the  potential  abuse  of  such  informa- 
tion in  society,  including  in  employment  or  insurance  practice,  and  that  the  pro- 
vider should  ensure  that  confidentiality  is  respected  (see  Chapter  8  for  discussion 
of  disclosure  to  relatives). 

Because  only  certain  types  of  genetic  testing  are  appropriate  for  children, 
multiplex  testing  that  includes  tests  specifically  directed  to  obtaining  information 
about  carrier  status,  untreatable  childhood  diseases,  or  late-onset  diseases  should 
not  be  included  in  the  multiplex  tests  offered  to  children.  Research  should  be 
undertaken  to  determine  the  appropriate  age  for  testing  and  screening  for 
genetic  disorders,  both  to  maximize  the  benefits  of  therapeutic  intervention 
and  to  avoid  the  possibility  of  generating  genetic  information  about  a  child 
when  there  is  no  likely  benefit  and  there  is  possibility  of  harm  to  the  child. 

LABORATORY  ISSUES  IN  GENETIC  TESTING 

The  committee's  review  of  laboratory  issues  in  genetic  testing  included  a 
workshop  with  the  nation's  experts  in  laboratory  quality  assurance  in  genetic  test- 
ing and  meetings  with  federal  officials  responsible  for  implementing  federal  reg- 
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ulations  under  the  Clinical  Laboratory  Improvement  Amendments  of  1988 
(CLIA88)  and  the  medical  devices  legislation  under  which  the  Food  and  Drug 
Administration  regulates  genetic  testing  products  such  as  test  kits,  probes,  and 
reagents.  The  cominittee  found  that  although  adequate  legislative  authority 
exists  to  oversee  the  quality  of  genetic  testing,  this  authority  is  not  in  fact 
being  implemented  for  genetic  testing.  For  example,  existing  CLIA88  regula- 
tions could  ensure  the  quality  of  genetic  laboratory  testing,  but  these  regulations 
are  not  being  applied  to  genetic  testing  at  all.  Similarly,  FDA  has  authority  to 
regulate  genetic  testing  kits  and  associated  genetic  test  reagents  and  DNA  probes, 
but  such  tests  are  rarely  being  submitted  to  FDA  for  approval. 

The  safety  and  effectiveness  of  genetic  tests  should  be  established  before 
they  are  used  routinely  and,  even  when  that  comes  to  pass,  great  care  should 
be  taken  in  performing  the  tests  and  interpreting  the  results.  The  committee 
is  concerned  that  the  regulatory  burden  not  impede  further  development  of 
tests  or  the  offering  of  genetic  testing  services  by  laboratories;  nevertheless, 
the  committee  believes  that  the  nature  of  genetic  tests  and  their  interpreta- 
tion, and  the  magnitude  of  the  personal  and  clinical  decisions  that  may  be 
made  based  on  those  results — including  the  abortion  of  affected  fetuses — 
warrant  a  standard  with  close  to  "zero"  chance  of  error  for  such  tests.  Con- 
sequently, laboratories  and  personnel  performing  these  tests  should  participate  in 
proficiency  testing  programs,  including  review  of  the  interpretation  provided  by 
the  laboratory  to  referring  physicians.  Laboratories  with  any  error  should  be 
placed  on  probation,  and  proficiency  testing  repeated,  preferably  using  blinded 
methods.  Unless  the  laboratory  can  attain  this  standard,  its  certification  to  per- 
form this  test  should  be  removed. 

Existing  quality  assurance  in  genetic  testing  is  voluntary  and  has  improved 
laboratory  quality  in  its  participants,  but  the  committee  finds  that  current  labora- 
tory quality  control  programs  are  inadequate  to  address  the  special  issues  posed 
by  genetic  testing  primarily  because  these  programs  lack  essential  enforcement 
authority.  As  genetic  testing  expands,  these  voluntary  programs  should  and  will 
be  replaced  by  the  requirements  of  CLIA88.  In  the  interim,  the  committee 
believes  that  the  impact  of  voluntary  programs  could  be  strengthened  by 
publishing  the  names  of  laboratories  that  have  satisfied  proficiency  and  oth- 
er requirements.  This  is  now  done  by  the  National  Tay-Sachs  Disease  and  Allied 
Disorders  Association,  Inc.,  which  publishes  results  of  the  quality  assessment  con- 
ducted by  the  International  Tay-Sachs  Disease  Quality  Control  Reference  Stan- 
dards and  Data  Collection  Center.  Before  publication,  any  laboratory  not  satisfying 
these  requirements  should  be  given  ample  opportunity  to  rectify  its  deficiencies. 

Genetics  laboratories  should  provide  reports  in  an  easily  understandable 
form  for  referring  physicians  who  are  not  genetics  specialists.  The  evaluation 
of  the  quality  of  these  reports  should  be  an  important  component  of  the  proficien- 
cy testing  process.  These  reports,  including  interpretation  of  the  results,  should 
also  be  reviewed  by  the  Health  Care  Financing  Administration  (HCFA)  as  part  of 
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its  inspection  of  laboratories  performing  genetic  tests  under  CLIA88.  The  com- 
mittee also  recommends  that  laboratories  performing  genetic  tests  maintain  a  data 
base  of  qualified  genetic  counselors,  genetic  centers,  and  support  groups  (see 
Chapters  3,  4,  and  6). 

Genetic  Tests  for  Rare  Disorders 

Genetic  tests  for  rare  disorders  pose  special  problems  in  laboratory  quality 
assurance  because  individual  laboratories  throughout  the  country  are  unlikely  to 
perform  enough  of  these  tests  to  maintain  proficiency.  Therefore,  the  committee 
recommends  that  tests  for  rare  diseases  be  centralized  in  a  few  laboratories, 
to  which  specimens  could  be  referred  from  other  institutions.  The  committee 
strongly  urges  the  genetics  community  under  the  leadership  of  its  professional 
societies  to  designate  a  small  number  of  laboratories  to  serve  as  centralized  facil- 
ities for  rarely  performed  tests.  An  external  proficiency  testing  program  should  be 
established  for  these  central  laboratories,  and  the  genetics  community  should  also 
study  the  possibility  of  setting  a  minimum  volume  for  a  specific  genetic  test  that 
a  laboratory  must  perform  annually  in  order  to  obtain  certification  for  that  test  and 
to  ensure  the  quality  of  test  performance.  With  its  informatics  and  data  base 
capabilities,  the  Special  Information  Services  Program  of  the  National  Library  of 
Medicine  might  also  maintain  a  data  base  of  centralized  laboratories  performing 
tests  for  rare  disorders,  as  well  as  genetic  counseling  centers  and  support  groups, 
which  should  be  available  to  laboratories,  providers,  and  consumers  at  no  charge. 

CLIA88 

The  committee  recommends  that  most  genetic  tests  be  classified  as  "high 
complexity"  under  CLIA88,  primarily  to  ensure  the  highest  level  of  federal 
oversight  of  laboratories  performing  genetic  tests.  The  committee  recom- 
mends that  HCFA  create  a  new  specialty  of  clinical  genetics,  incorporating  the 
existing  subspecialty  of  clinical  cytogenetics,  and  the  new  subspecialties  of  bio- 
chemical genetics  and  molecular  genetics  as  well.  Maternal  serum  alpha-fetopro- 
tein  (MSAFP)  testing  and  other  methods  of  prenatal  testing  for  birth  defects 
should  be  incorporated  into  one  of  these  three  subspecialties.  The  Centers  for 
Disease  Control  and  Prevention  (CDC)  should  expand  its  proficiency  testing 
programs  for  newborn  screening.  HCFA  should  also  give  high  priority  to  set- 
ting specific  requirements  for  frequently  performed  prenatal  tests  and  incorporat- 
ing these  standards  in  its  training  programs  for  current  and  new  laboratory  inspec- 
tors. All  laboratories  performing  genetic  screening,  including  state  laboratories, 
should  be  required  to  participate  in  proficiency  testing. 

Laboratories  using  investigational  devices  for  genetic  tests  (see  below)  are 
still  covered  under  CLIA88  as  long  as  test  results  are  reported  and  used  in  clinical 
decision  making  and  counseling,  and  these  laboratories  should  also  be  subject  to 
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external  quality  assessment.  Laboratories  in  academic  health  centers  and  else- 
where that  conduct  research,  but  that  also  perform  genetic  tests  as  a  service 
(providing  the  results  to  referring  laboratories  or  physicians,  or  directly  to 
patients),  fall  under  the  purview  of  CLIA88  and  should  be  subject  to  the  same 
criteria,  standards,  and  regulation  as  commercial  genetic  testing  laboratories. 

Genetic  Tests  and  the  FDA 

The  committee  is  concerned  that  tests  for  newborns  and  other  types  of  screen- 
ing may  be  offered  to  the  public  before  their  safety,  effectiveness,  and  clinical 
utility  have  been  adequately  assessed.  To  remedy  this,  the  manufacturer  or 
user  of  a  device  for  a  new  screening  test  (including  state  laboratories  or  health 
departments)  should  comply  with  the  FDA's  regulations  for  Investigational 
Device  Exemptions  (IDE).  For  example,  the  investigational  or  "pilot"  phase  of 
screening  should  be  conducted  under  a  protocol  approved  by  an  institutional  re- 
view board  (IRB),  and  the  pilot  phase  should  be  evaluated  by  an  entity  indepen- 
dent of  the  organization  conducting  the  pilot  study. 

Compliance  with  FDA  requirements  is  essential  to  ensuring  safe  and  effec- 
tive use  of  genetic  tests,  just  as  compliance  with  CLIA88  is  essential  for  any 
laboratory  performing  genetic  tests  for  clinical  purposes.  All  genetic  tests  should 
either  be  designated  as  investigational  devices — subject  to  IRB  approval  and 
FDA  regulation — or  be  submitted  to  the  FDA  for  full  premarket  approval. 
An  Advisory  Panel  on  Genetic  Test  Devices  to  the  FDA  should  be  established  to 
ensure  appropriate  expert  review  for  genetic  testing  products.  Genetic  diagnostic 
devices  should  be  classified  for  full  premarket  approval  by  FDA  (Class  III),  and 
the  FDA  should  develop  guidance  to  manufacturers  for  preparing  premarket  ap- 
plications for  genetic  test  devices  (see  Chapter  3). 

DNA  probes  and  other  reagents  that  are  essential  to  the  performance  of  ge- 
netic tests  are  medical  devices  under  current  FDA  law  and  regulation.  Conse- 
quently, whenever  probes  and  reagents  are  used  for  clinical  purposes,  they 
must  either  be  labeled  "for  investigational  use  only"  (and  must  comply  with 
FDA  requirements  for  investigational  use)  or  have  FDA  approval  for  mar- 
keting. When  genetic  test  devices  are  used  investigationally  for  clinical  purposes, 
manufacturers — including  commercial  or  academically  based  laboratories  prepar- 
ing their  own  devices — should  apply  for  FDA  approval  of  an  IDE,  including  an 
IRB-approved  protocol  and  periodic  reports  on  the  results  of  their  investigations. 

Many  institutional  review  boards  lack  experience  in  the  review  of  investiga- 
tional genetic  testing  protocols.  The  National  Institutes  of  Health  (NIH)  Office 
for  Protection  from  Research  Risks  has  recently  issued  initial  guidance  for  re- 
search involving  genetics  in  its  IRB  Guidebook.  The  NIH  Office  for  Protection 
from  Research  Risks  (OPRR)  and  the  National  Center  for  Human  Genome 
Research  (NCHGR)  ELSI  Program  should  continue  to  coordinate  efforts  to 
assist  IJ^^;s  in  coping  with  this  responsibility.  Other  federal  agencies  and  pro- 
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fessional  groups  should  also  consider  developing  guidelines  to  help  IRBs  cope 
with  this  added  responsibility,  such  as  the  informed  consent  guidelines  for  re- 
search involving  genetic  testing  developed  by  the  Alliance  of  Genetic  Support 
Groups  and  the  American  Society  of  Human  Genetics  (ASHG)  (see  Chapter  4). 
The  committee  recognizes  that,  for  very  rare  diseases  and  diseases  with  a 
long  lead  time  between  the  time  of  the  test  and  the  appearance  of  disease,  it  will  be 
difficult  for  FDA  applicants  to  provide  adequate  data  on  safety  and  effectiveness 
for  subjects  of  the  type  in  whom  the  test  would  be  applied  (e.g.,  presymptomatic 
individuals).  It  may  also  be  impossible  to  assess  the  sensitivity  and  specificity  of 
prenatal  tests  by  independent  tests  or  histopathological  examination  of  aborted 
fetuses.  For  rare  diseases,  the  FDA  could  grant  the  applicant  "provisional 
premarket  approval,"  a  designation  under  which  the  test  could  be  made  more 
widely  available  while  making  the  manufacturer  responsible  for  obtaining 
additional  postmarket  data  until  sufficient  data  are  available  to  warrant  full 
"premarket"  approval.  This  process  may  require  new  legislation,  but  the  com- 
mittee believes  that  provisional  premarket  approval,  with  the  sponsor  responsible 
for  periodic  postmarket  study,  adequately  covers  the  development  of  tests  for  rare 
conditions,  which  is  the  intent  of  the  "humanitarian  device  exemption"  (contained 
in  the  Safe  Medical  Device  Amendments  of  1990).  And  since  manufacturers  may 
be  unwilling  to  go  through  premarket  approval  of  tests  for  rare  diseases.  Congress 
should  also  consider  the  need  for  legislation  in  the  spirit  of  the  Orphan  Drug  Act 
that  would  give  manufacturers  an  incentive  to  develop  diagnostic  medical  devices 
for  genetic  tests  of  limited  marketability. 

GENETIC  COUNSELING 

Genetic  counseling  and  education  must  be  an  integral  part  of  genetic 
testing.  Anyone  who  is  offering  (or  referring  for)  genetic  testing  must  pro- 
vide (or  refer  for)  appropriate  genetic  counseling  and  education  prior  to  test- 
ing. To  ensure  that  adequate  genetic  counseling  is  provided  to  all  those  seeking 
genetics  services,  a  cadre  of  individuals  trained  in  medical  genetics  and  counsel- 
ing must  be  available.  Primary  care  practitioners  and  allied  health  professionals 
must  have  a  minimal  basic  understanding  of  medical  genetics  and  counseling  (see 
Chapters  4  and  6).  Efforts  must  also  be  made  to  ensure  that  the  public  is  suffi- 
ciently educated  to  be  informed  consumers  of  genetics  services  (see  Chapter  5). 

Basic  Tenets  of  Genetic  Counseling 

The  committee  believes  that  certain  basic  tenets  apply,  regardless  of  who  is 
conducting  the  counseling  and  where  it  is  being  done.  These  include  respect  for 
the  autonomy  and  privacy  of  the  individual,  the  need  for  informed  consent  and 
confidentiality,  and  sensitivity  to  the  counselor's  tendency  toward  directiveness 
and  paternalism  (see  Chapters  1,  4,  and  8).    The  standard  of  care  should  be  to 
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support  the  client  in  making  voluntary  informed  decisions  and  to  provide  sensi- 
tive and  empathic  support  for  the  emotional  suffering  caused  by  the  genetic  prob- 
lem. The  goal  of  reducing  the  incidence  of  genetic  conditions  is  not  accept- 
able, since  this  aim  is  explicitly  eugenic;  professionals  should  not  present  any 
reproductive  decisions  as  "correct"  or  advantageous  for  a  person  or  society. 
Research  is  needed  to  test  alternative  methods  for  providing  genetic  counseling 
(e.g.,  interactive  video  and  computer  methods  with  referral  to  a  counselor  for 
answers  to  questions),  and  to  evaluate  the  costs  and  effectiveness  of  such  changes. 

One  key  to  effective  genetics  services  is  the  concept  of  the  teachable  mo- 
ment, that  is,  the  point(s)  at  which  an  individual,  couple,  or  family,  is  best  able  to 
comprehend  the  information  being  given  them.  Unfortunately,  the  genetic  coun- 
selor may  not  have  the  opportunity  to  counsel  clients  at  more  advantageous  teach- 
able moments — after  some  of  the  early  shock  and  denial  that  often  accompany 
genetic  diagnosis  have  abated — because  of  restrictions  on  insurance  reimburse- 
ment (see  Chapter  7)  and  administrative  impediments  such  as  scheduling  counsel- 
ing on  the  day  of  testing.  Studies  are  therefore  needed  on  alternative  approaches 
to  genetic  counseling,  including  the  effects  of  differing  levels  of  intensity  of  coun- 
seling and  education  both  before  testing — to  help  those  at  risk  to  decide  whether 
or  not  they  want  to  be  tested — and  after  testing — to  deal  with  the  consequences  of 
having  the  information  (see  below). 

Physicians  need  to  balance  their  desire  to  provide  medical  advice  with 
respect  for  the  patient's  right  to  make  an  informed  decision  that  may  be 
different  from  the  one  recommended  by  the  physician.  This  is  especially  cru- 
cial in  genetic  testing,  since  genetic  information  carries  more  personal,  family, 
and  social  risks  and  burdens  than  many  other  kinds  of  medical  information.  In 
particular,  decisions  about  whether  to  reproduce  or  to  abort  an  affected  fetus  are 
individual  choices  that  should  be  left  to  each  couple.  Similarly,  a  decision  about 
whether  to  test  for  the  presence  of  genes  or  gene  complexes  that  predict  the  likely 
development  of  future  disease  that  cannot  be  treated  should  be  an  individual  deci- 
sion. And  when  treatment  becomes  possible,  some  of  these  decisions  may  still  be 
painful,  costly,  and  uncertain,  and  still  require  genetic  counseling.  Nondirective- 
ness  should  always  remain  the  standard  of  care  for  reproductive  planning 
and  decisions,  and  full  informed  consent  before  genetic  testing  will  continue 
to  be  essential. 

Since  genetics  education  and  counseling  are  likely  to  be  provided  increas- 
ingly by  primary  care  practitioners,  these  practitioners  will  need  training  to 
help  them  perform  these  functions  appropriately  and  to  know  when  to  refer 
patients  to  specialized  genetics  personnel.  Innovative  educational  devices  to 
support  genetics  education  and  counseling  should  be  designed  and  evaluated  (e.g., 
video,  interactive  computer  systems,  and  on-line  data  bases)  in  primary  care  set- 
tings. Finally,  the  genetic  counselor,  as  the  messenger  of  potentially  devastat- 
ing or  discriminatory  information,  must  honor  the  patient's  desire  for  confi- 
dentiality  except   under   rare   special   circumstances   where   breach   of 
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confidentiality  is  necessary  to  avert  serious  harm  (discussed  in  Chapters  4  and 
8).  These  special  circumstances  may  involve  the  potential  effects  of  genetic  infor- 
mation on  other  family  members  or  the  potential  harm  to  others  if  the  information 
is  not  disclosed.  Should  a  counselor  anticipate  a  professional  or  personal  need  to 
disclose  genetic  information  to  a  party  other  than  the  patient  with  whom  he  or  she 
is  consulting,  then  the  potential  for  that  disclosure  should  be  addressed  before  any 
genetic  testing  services  are  rendered. 

Tailoring  Counseling  to  the  Client 

Research  on  the  best  ways  to  provide  essential  genetics  education  and 
counseling — by  a  variety  of  providers  in  a  variety  of  settings — must  precede 
efforts  to  streamline  genetic  counseling  (see  Chapters  6  and  9).  The  committee 
believes  that  understanding  and  recall  of  numerical  risks  of  recurrence  are  too 
limited  as  measures  of  the  success  of  or  need  for  counseling.  Beyond  mere  com- 
prehension of  numerical  risk,  genetic  counseling  is  intended  to  assist  individuals 
in  evaluating  the  implications  of  genetic  testing  and  genetic  information,  and  in 
determining  their  own  acceptable  risk.  Since  risk  perceptions  vary  among  indi- 
viduals and  among  counselees  and  counselors,  there  is  no  one  right  way  to 
present  or  interpret  risk  information;  however,  information  must  be  bal- 
anced, and  the  process  must  be  tailored  to  the  client. 

Ethnic  and  cultural  sensitivity  is  particularly  important — genetic  coun- 
seling should  be  tailored  to  the  cultural  perspective  of  the  client,  with  special 
attention  to  differing  cultures  between  client  and  health  care  professional. 
Research  is  needed  to  determine  how  best  to  provide  genetic  counseling  in  ways 
that  are  sensitive  and  appropriate  to  a  variety  of  cultures  and  languages.  Training 
in  culturally  appropriate  language  and  delivery  of  genetic  services  should  be  in- 
cluded in  the  training  of  genetics  and  other  health  professionals  who  are  likely  to 
provide  genetic  testing  and  counseling  in  the  future.  It  is  also  vital  to  destigmatize 
language  describing  genetic  disorders  and  disabilities,  and  to  present  information 
about  these  conditions  as  fairly  as  possible.  As  one  step  in  this  process,  genetic 
counseling  and  other  genetics  training  programs  should  actively  seek  to  increase 
the  number  of  minority  practitioners  prepared  to  provide  a  variety  of  genetic  coun- 
seling roles  in  a  variety  of  settings  (see  Chapters  4  and  6). 

PUBLIC  EDUCATION 

Much  of  the  responsibility  for  preparing  individuals  to  deal  effectively 
with  the  ramifications  of  genetics  must  fall  to  the  public  education  system. 

This  includes  both  formal  education,  which  takes  place  in  the  schools,  and  infor- 
mal education,  which  takes  place  outside  of  school  (see  Chapter  5).  Data  from 
large-scale  testing  programs  suggest  that  a  clinic  or  a  doctor's  office  is  not  the  best 
context  for  a  first  exposure  to  genetic  testing  information,  and  that  public  educa- 
tion campaigns  and  counseling,  generally,  have  a  greater  impact  on  individuals 
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with  some  previous  exposure  to  genetic  concepts.  Decisions  about  genetic  testing 
and  its  potential  personal  impact  ultimately  must  be  tied  to  preexisting  knowledge 
and  value  systems;  without  such  knowledge,  individuals  are  more  likely  to  make 
uninformed  decisions  or  to  cede  all  decisions  about  genetic  testing  to  their  health 
care  professionals. 

What  do  we  want  people  to  know,  value,  and  do  about  genetic  information? 
For  example,  people  should  know  that  DNA  is  the  information  molecule;  they 
should  value  the  variation  and  diversity  that  are  expressed  from  that  molecule,  but 
they  also  need  to  appreciate  the  nature  of  the  interaction  among  genes,  the  individ- 
ual, and  the  environment.  Perhaps  the  most  important  contribution  of  new  knowl- 
edge about  genetics  is  its  ability  to  document  a  major  biological  basis  for  human 
variation.  The  old  argument  about  nature  versus  nurture  is  outdated:  as  discussed 
throughout  the  report,  both  nature  (biology)  and  nurture  (environment)  are  impor- 
tant to  health,  and  broad  public  understanding  of  the  role  of  genetics  (and  its 
limits)  is  essential  to  avoid  genetic  reductionism  and  a  "new  eugenics." 

Genetics  education  should  also  focus  on  concepts  of  genetic  variability, 
diversity,  and  kinship.  Such  a  focus  will  help  to  avoid  simplistic  explanations 
such  as  dichotomizing  of  genetic  risks  of  complex  diseases  with  genetic  determi- 
nants as  either  categorically  good  news — that  an  individual  has  essentially  zero 
risk  for  a  particular  disease — or  categorically  bad  news — that  he  or  she  is  virtually 
certain  to  develop  it.  Many  disorders  are  of  variable  and  often  unpredictable 
severity,  and  much  genetic  risk  assessment  is  of  an  inherently  probabilistic  nature. 
Genetic  testing  is  not  an  end  in  itself  but  rather  a  method  for  gaining  infor- 
mation and  insight  to  help  people  make  personal  and  family  health  decisions. 
The  basic  task  is  to  educate  the  public  so  that  each  individual  is  capable  of  making 
an  informed  decision  about  seeking  or  using  genetic  testing  and  considering  per- 
sonal courses  of  action.  In  addition,  the  public  and  policy  makers  must  be  educat- 
ed to  help  them  develop  appropriate  public  policy  regarding  genetic  testing  and 
screening.  Genetic  counseling  will  ultimately  be  made  more  effective  by  a  better- 
educated  public.  This  approach  to  public  education  about  genetics  will  not  be  a 
simple  or  a  small  task. 

The  Human  Genome  Project's  Ethical,  Legal,  and  Social  Implications 
Program  should  coordinate  a  public  education  initiative  in  genetics  and  ex- 
pand its  support  for  such  efforts.  Key  policy  and  research  strategies  to  be  con- 
sidered are  ( 1 )  ensuring  that  appropriate  educational  messages  about  genetic  tests 
and  their  implications  reach  the  public;  (2)  incorporating  principles,  concepts,  and 
skills  training  that  support  informed  decision  making  about  genetic  testing  into  all 
levels  of  schooling — kindergarten  through  college;  (3)  enhancing  consumers' 
knowledge  and  ability  to  make  informed  decisions  in  either  seeking  or  accepting 
genetic  tests;  (4)  establishing  systems  for  designing,  implementing,  and  maintain- 
ing community-based  genetics  education  among  population  groups  at  higher  risk 
of  particular  genetic  disorders  (e.g.,  increased  risk  related  to  race  or  ethnicity); 
and  (5)  enlisting  the  mass  media  to  help  decrease  consumer  confusion  and  in- 
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crease  the  knowledge  and  skills  that  will  equip  consumers  to  make  the  most  ap- 
propriate decisions  for  themselves  (see  Chapter  5). 

The  National  Science  Foundation,  the  Department  of  Energy,  the  Na- 
tional Institutes  of  Health,  and  other  organizations  should  expand  their  in- 
vestment in  public  education  related  to  the  human  genome.  These  efforts 
should  (1)  expand  programs  that  support  model  educational  initiatives  for  precol- 
lege  science  and  undergraduate  molecular  biology;  (2)  collaborate  with  the  Ethi- 
cal, Legal,  and  Social  Implications  component  of  the  Human  Genome  Project  to 
encourage  such  programs  to  focus  on  the  health,  social,  legal,  and  ethical  issues 
raised  by  genetic  testing  and  screening;  and  (3)  require  evaluation  of  educational 
interventions. 

Broad  public  participation  will  be  required  to  develop  educational  ap- 
proaches that  respect  the  widely  varying  personal  and  cultural  perspectives 
on  issues  of  genetics,  and  are  tolerant  and  respectful  of  individuals  with  ge- 
netic disorders  of  all  kinds-  Particular  effort  will  be  needed  to  include  the  per- 
spectives of  women,  minorities,  and  persons  with  disabilities,  who  may  feel  espe- 
cially affected  by  developing  genetic  technologies.  There  is  much  to  be  learned 
from  those  who  are  particularly  affected  by  genetic  testing  technologies,  and  from 
those  affected  by  genetic  disorders,  including  persons  with  disabilities  and  their 
families  and  support  groups.  The  committee  believes  that  genetics  professionals 
and  qualified  educators  must  work  with  public  representatives  to  identify  the  es- 
sential components  of  genetic  literacy. 

A  "Consumer's  Guide  to  Genetic  Testing"  should  be  developed  (also  see 
Chapters  1,  5,  and  9)  to  provide  information  on  genetic  services,  various  ge- 
netic tests,  and  the  implications  of  the  tests  so  as  to  aid  in  providing  balanced, 
reliable,  readily  understandable,  and  available  sources  of  needed  informa- 
tion. Innovative  computer  and  interactive  computer  systems  should  also  be  de- 
veloped to  provide  patients/clients  with  the  latest  information  on  genetic  disorders 
and  on  genetic  diagnosis,  testing,  and  screening.  If  designed  and  used  appropri- 
ately, such  computer  resources  could  assist  genetics  specialists  and  primary  care 
practitioners  by  presenting  patients  with  basic,  self-paced  genetics  education  and 
even  presenting  possible  options  for  consideration  of  patients.  The  ELSI  Program 
should  therefore  coordinate  with  the  National  Library  of  Medicine  in  developing 
innovative  methods  of  providing  information  to  the  public  similar  to  the  on-line 
AIDS  bibliography.  More  research  is  needed  to  determine  which  tasks  in  genetics 
education  and  counseling  can  be  appropriately  accomplished  by  using  such  tech- 
niques and  to  evaluate  these  techniques  in  various  settings  and  populations. 

PROFESSIONAL  EDUCATION 

The  committee  sees  no  prospect,  in  the  foreseeable  future,  of  having  enough 
highly  specialized  genetics  personnel  to  handle  all  genetic  testing,  including  es- 
sential genetics  education  and  genetic  counseling.   Therefore,  policy  discussion 
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should  focus  not  only  on  training  more  genetic  counselors  and  other  genetic  spe- 
cialists, but  on  better  educating  the  obstetrics,  pediatrics,  and  family  practice  com- 
munities about  the  nature  of  genetic  testing,  diagnosis,  and  counseling. 

Some  progress  has  been  made  in  increasing  physicians'  knowledge  of  genetic 
testing  and  their  ability  to  take  good  family  histories,  particularly  in  specialties 
that  involve  more  genetic  tests  (e.g.,  pediatrics  and  obstetrics;  see  Chapter  6). 
More  recent  graduates  also  know  more  than  older  physicians.  Nevertheless,  the 
committee  is  very  concerned  that  relatively  little  progress  has  been  made — cer- 
tainly not  enough  to  prepare  physicians-in-training  for  the  increasing  requirements 
for  genetic  testing,  education,  and  counseling  projected  for  the  future.  The  com- 
mittee strongly  recommends  that  medical  education  begin  to  incorporate  a 
genetic  point  of  view  throughout  its  curriculum,  but  especially  in  the  critical 
clinical  years,  and  that  medical  board  examinations  should  include  more 
questions  on  genetics.  More  research  is  needed  on  knowledge  of  genetics  and 
skills  needed  for  genetics  education  and  genetic  counseling  among  all  of  these 
professional  groups  so  that  proper  reforms  can  be  implemented. 

The  biggest  potential  contribution  of  genetics  to  medical  education  may  be  its 
ability  to  document  a  major  biological  basis  for  human  variation.  Conventional 
teaching  in  medical  school  often  disregards  differences  in  etiology,  presentation, 
response  to  therapy,  personal  preferences,  and  prognosis  of  people  who  may  be 
"lumped"  together  under  a  single  disease  label.  A  true  revolution  will  come  much 
more  from  introducing  a  new  way  of  learning  about  disease  and  health,  of  empha- 
sizing the  importance  of  individual  differences,  some  but  not  all  of  which  are 
genetically  determined.  Historically,  the  discovery  of  germs  as  causative  agents 
in  disease  led  to  a  reductionist  germ  theory  that  explained  everything  in  terms  of 
germs;  the  committee  is  concerned  that  the  explosion  of  genetics  knowledge  may 
replace  the  reductionist  germ  theory  with  a  reductionist  gene  theory — to  the  det- 
riment of  medical  progress. 

Genetics  professionals  and  all  others  offering  or  referring  for  genetic 
testing  should  be  trained  in  the  ethical,  legal,  and  social  issues  surrounding 
genetic  diagnosis,  testing,  and  screening.  Laboratory  personnel  should  be  a 
special  focus  of  such  training  about  the  complexities  of  genetic  testing  to  ade- 
quately interpret  tests,  including  a  knowledge  of  test  limitations  and  social  issues 
surrounding  genetic  testing.  Of  particular  importance  is  training  to  deal  with 
the  sensitivities  of  genetics  education  and  counseling,  including  the  need  for 
nondirectiveness,  in  counseling  about  reproductive  options  and  about  disor- 
ders for  which  no  treatment  exists.  Expanded  undergraduate  and  graduate  train- 
ing of  nurses  in  genetics,  genetics  education,  and  genetic  counseling  is  also  need- 
ed, along  with  the  training  of  social  workers  in  the  special  requirements  of  genetics 
education  and  counseling.  With  proper  training,  the  integration  of  other  health 
professionals  such  as  nurses,  nurse  practitioners,  social  workers,  psychologists, 
and  primary  care  physicians,  into  the  existing  genetics  services  network  will  sup- 
plement the  lime  and  skills  of  traditional  genetic  counseling  (see  Chapter  4). 
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The  accelerating  developments  of  new  knowledge  in  genetic  testing  will 
also  require  expanded  formal  continuing  education  programs  in  clinical  ge- 
netics, including  those  geared  to  the  genetic  counselor,  primary  care  practi- 
tioner, and  social  worker  (see  Chapter  5).  The  Ethical,  Legal,  and  Social  Impli- 
cations Program  should  coordinate  with  professional  genetics  organizations  and 
the  National  Library  of  Medicine  to  develop  genetics  education  and  dissemination 
programs  for  interested  health  professionals.  Genetics  specialists  should  develop 
and  provide  continuing  education  and  training  for  other  professionals,  as  well  as 
take  a  leadership  role  in  genetics  education  for  the  public.  Other  health  care 
professionals  should  also  participate  in  programs  intended  to  increase  public 
awareness  and  education  about  genetics. 

More  minorities  should  be  recruited  for  training  programs  in  all  aspects 
of  clinical  genetics.  This  will  be  especially  important  in  providing  culturally 
sensitive  and  appropriate  genetic  testing,  education,  and  counseling  services  in 
the  future  (see  above),  when  so-called  minority  groups  will  comprise  a  majority 
of  the  population  of  the  United  States  (see  Chapters  4  and  6). 

FINANCING  OF  GENETIC  TESTING  SERVICES 

The  cost  and  financing  of  genetic  testing  and  counseling  have  had  a  profound 
effect  on  access  to  these  services  in  the  United  States.  No  matter  what  aspect  of 
genetics  is  discussed,  it  is  almost  impossible  to  keep  the  discussion  from  turning 
to  issues  related  to  financing,  in  particular  the  role  of  health  insurance  in  genetic 
testing  and  counseling  (see  Chapter  7).  The  United  States  is  the  only  developed 
country  in  the  world  without  a  social  insurance  or  statutory  system  to  cover  basic 
expenses  for  medical  services  for  most  of  its  population.  This  creates  problems  of 
access  and  equity,  especially  for  those  low-income  or  high-risk  individuals  who 
are  self-employed,  work  part-time,  or  are  employed  by  small  businesses  and  who 
may  not  be  able  to  afford  or  obtain  health  insurance.  Over  37  million  people  are 
without  health  insurance  coverage  in  the  United  States. 

Even  for  those  who  have  health  insurance,  coverage  for  most  preventive, 
screening,  and  counseling  services  may  be  excluded.  These  limitations  of  health 
care  coverage  in  the  United  States  particularly  affect  genetic  services,  which  have 
an  important  counseling  component.  Insurance  reimbursement  or  other  financing 
of  genetic  testing  is  not  generally  available  now  in  the  United  States.  The  com- 
mittee also  heard  testimony  that  individuals  whose  insurance  does  cover  some  or 
all  genetic  services  may  be  reluctant  or  unwilling  to  file  claims  for  such  services. 
They  may  fear  that  the  genetic  information  they  sought  might  be  used  to  evaluate 
and  deny  their  future  applications  for  health  or  life  insurance  coverage,  or  lead  to 
higher  premiums  or  limited  coverage.  And,  because  so  much  coverage  in  the 
United  States  is  employment  based,  people  may  also  worry  that  their  employer 
will  have  access  to  the  information  and  use  it  (overtly  or  covertly)  to  discriminate 
against  them  (see  Chapters  7  and  8). 
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In  order  to  develop  appropriate  financing  for  genetic  testing  and  coun- 
seling services,  private  and  public  health  plans,  and  geneticists  and  consum- 
ers, should  work  together  to  develop  guidelines  for  the  reimbursement  of 
genetic  services.  Such  guidelines  should  address  the  issue  of  how  each  new 
genetic  test  should  be  assessed  for  its  sensitivity  and  specificity  in  light  of  the 
availability  of  effective  treatment,  the  consequences  of  the  test,  the  evaluation  of 
pilot  study  results,  and  when  new  tests  are  appropriate  for  use  in  routine  clinical 
practice  (see  Chapters  1  and  7). 

In  addition,  the  insurance  concept  of  what  is  considered  medically  neces- 
sary (and  therefore  reimbursable)  should  be  expanded  to  include  the  offering 
of  appropriate  genetic  testing  and  related  education  and  counseling,  making 
these  genetic  services  reimbursable  under  health  insurance  plans.  Medical 
appropriateness  can  often  be  established  by  a  family  history  of  the  disorder.  In 
pregnancy,  medical  necessity  should  be  considered  established  for  cytogenetic 
testing  in  pregnancies  in  women  of  advanced  maternal  age  or  considered  at  high 
risk  based  on  other  methods  of  assessing  risk.  The  committee  also  recommends 
that  newborn  screening  and  MSAFP  screening  in  pregnant  women  of  any  age  be 
considered  within  the  insurance  definition  of  medically  appropriate  and  be  reim- 
bursable under  health  insurance  plans  (see  Chapter  7). 

SOCIAL,  LEGAL,  AND  ETHICAL 
ISSUES  IN  GENETIC  TESTING 

The  committee  recommends  that  vigorous  protection  be  given  to  autono- 
my, privacy,  confidentiality,  and  equity.  These  principles  should  be  breached 
only  in  rare  instances  and  only  when  the  following  conditions  are  met:  ( 1 )  the 
action  must  be  aimed  at  an  important  goal — such  as  the  protection  of  others  from 
serious  harm — that  outweighs  the  value  of  autonomy,  privacy,  confidentiality,  or 
equity  in  the  particular  instance;  (2)  it  must  have  a  high  probability  of  realizing 
that  goal;  (3)  there  must  be  no  acceptable  alternatives  that  can  also  realize  the  goal 
without  breaching  those  principles;  and  (4)  the  degree  of  infringement  of  the  prin- 
ciple must  be  the  minimum  necessary  to  realize  the  goal. 

Voluntariness 

Voluntariness  should  be  the  cornerstone  of  any  genetic  testing  program. 
The  committee  found  no  justification  for  a  state-sponsored  mandatory  public 
health  program  involving  genetic  testing  of  adults  or  for  unconsented-to  ge- 
netic testing  of  patients  in  the  clinical  setting.  There  is  evidence  that  voluntary 
screening  programs  achieve  a  higher  level  of  efficacy  in  screening,  and  there  is  no 
evidence  that  mandating  newborn  screening  is  necessary  or  sufficient  to  ensure 
that  the  vast  majority  of  newborns  are  screened.  Mandatory  offering  of  newborn 
screening  is  appropriate  for  disorders  with  treatments  of  demonstrated  efficacy 
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where  very  early  intervention  is  essential  to  improve  health  outcomes  (e.g.,  phe- 
nylketonuria and  congenital  hypothyroidism).  One  benefit  of  voluntariness  and 
informing  parents  about  newborn  screening  is  that  of  quality  assurance:  parents 
can  check  to  see  if  the  sample  was  actually  drawn.  In  addition,  since  people  will 
be  facing  the  possibility  of  undergoing  many  more  genetic  tests  in  their  lifetimes, 
the  disclosure  of  information  to  parents  about  newborn  screening  prior  to  the  event 
can  be  an  important  tool  for  education  about  genetics. 

Informed  Consent 

Obtaining  informed  consent  should  be  the  method  of  ensuring  that  ge- 
netic testing  is  voluntary.  By  informed  consent  the  committee  means  a  process 
of  education  and  the  opportunity  to  have  questions  answered — not  merely  the 
signing  of  a  form.  The  patient  or  client  should  be  given  information  about  the 
risks,  benefits,  efficacy,  and  alternatives  to  the  testing;  information  about  the  se- 
verity, potential  variability,  and  treatability  of  the  disorder  being  tested  for;  infor- 
mation about  the  subsequent  decisions  that  will  be  likely  if  the  test  is  positive 
(such  as  a  decision  about  abortion);  and  information  about  any  potential  conflicts 
of  interest  of  the  person  or  institution  offering  the  test  (see  Chapters  1,  3,  and  8). 
Research  should  therefore  also  be  undertaken  to  determine  what  patients 
want  to  know  in  order  to  make  a  decision  about  whether  or  not  to  undergo  a 
genetic  test.  People  often  have  less  interest  in  the  label  for  the  disorder  and  its 
mechanisms  of  action  than  in  how  certainly  the  test  predicts  the  disorder,  what 
effects  the  disorder  has  on  physical  and  mental  functioning,  and  how  intrusive, 
difficult,  or  effective  any  existing  treatment  protocol  would  be.  Research  is  also 
necessary  to  determine  the  advantages  and  disadvantages  of  various  means  of 
conveying  that  information  (e.g.,  through  specialized  genetic  counselors,  primary 
care  providers,  single  disorder  counselors,  brochures,  videos,  audiotapes,  comput- 
er programs). 

Confidentiality 

All  forms  of  genetic  information  should  be  considered  confldential  and 
should  not  be  disclosed  without  the  individual's  consent  (except  as  required 
by  state  law,  or  in  rare  instances  discussed  in  Chapters  4  and  8).  This  includes 
genetic  information  that  is  obtained  through  specific  genetic  testing  of  a  person, 
as  well  as  genetic  information  about  that  person  that  is  obtained  in  other  ways 
(e.g.,  physical  examination,  past  treatment,  or  a  relative's  genetic  status).  The 
confidentiality  of  genetic  information  should  be  protected  no  matter  who  obtains 
or  maintains  that  information.  This  includes  genetic  information  collected  or 
maintained  by  health  care  professionals,  health  care  institutions,  researchers,  em- 
ployers, insurance  companies,  laboratory  personnel,  and  law  enforcement  offi- 
cials. To  the  extent  that  current  statutes  do  not  ensure  such  confidenfiality,  they 
should  be  amended. 
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Codes  of  ethics  for  professionals  providing  genetic  services  should  contain 
specific  provisions  to  protect  autonomy,  privacy,  and  confidentiality.  The  com- 
mittee endorses  the  1991  National  Society  of  Genetic  Counselors  (NSGC)  state- 
ment of  guiding  principles  on  confidentiality  of  test  results: 

The  NSGC  support  individual  confidentiality  regarding  results  of  genetic 
testing.  It  is  the  right  and  responsibility  of  the  individual  to  determine  who 
shall  have  access  to  medical  information,  particularly  results  of  testing  for 
genetic  conditions. 

Confidentiality  should  be  breached  and  relatives  informed  about  genetic  risks 
only  when  (1)  attempts  to  elicit  voluntary  disclosure  fail,  (2)  there  is  a  high  prob- 
ability of  irreversible  harm  that  the  disclosure  will  prevent,  and  (3)  there  is  no 
other  reasonable  way  to  avert  the  harm.  When  disclosure  is  to  be  attempted  over 
the  patient's  refusal,  the  burden  should  be  on  the  person  who  wishes  to  disclose  to 
justify  to  the  patient,  to  an  ethics  committee,  and  perhaps  in  court  that  the  disclo- 
sure was  necessary  and  met  the  committee's  test.  Thus,  the  committee  has  deter- 
mined that  the  disadvantages  of  informing  relatives  over  the  patient's  refusal  gen- 
erally outweigh  the  advantages,  except  in  the  rare  instances  described  above  (see 
Chapters  4  and  8).  The  committee  recommends  that  health  care  providers  not 
reveal  genetic  information  about  a  patient's  carrier  status  to  the  patient's 
spouse  without  the  patient's  permission,  and  that  information  on  misattrib- 
uted  paternity  should  be  given  to  the  mother,  but  not  be  volunteered  to  her 
partner. 

As  a  matter  of  general  principle,  the  committee  believes  strongly  that 
patients  should  disclose  to  relatives  genetic  information  relevant  to  ensuring 
the  health  of  those  relatives.  Patients  should  be  encouraged  and  aided  in  sharing 
appropriate  genetic  information  with  spouses  and  relatives.  To  facilitate  the  dis- 
closure of  relevant  genetic  information  to  family  members,  accurate  and  balanced 
materials  should  be  developed  to  assist  individuals  in  informing  their  families, 
and  in  providing  access  to  further  information,  as  well  as  access  to  testing  if  rela- 
tives should  choose  to  be  tested.  Under  those  rare  circumstances  where  unautho- 
rized disclosure  of  genetic  information  is  deemed  warranted,  the  genetic  counse- 
lor should  first  try  to  obtain  the  permission  of  the  person  to  release  the 
information. 

The  committee  also  endorses  the  principles  on  the  protection  of  DNA  data 
and  DNA  data  banking  developed  in  1990  by  the  ASHG  Ad  Hoc  Committee  on 
Identification  by  DNA  Analysis.  In  short,  patients'  consent  should  be  obtained 
before  their  names  are  provided  to  a  genetic  disease  registry,  and  their  consent 
should  also  be  obtained  before  information  is  redisclosed.  Each  entity  that  re- 
ceives or  maintains  genetic  information  or  samples  should  have  procedures 
in  place  to  protect  confldentiality.  Information  or  samples  should  be  kept  free 
of  identifiers  and  instead  use  encoding  to  link  the  information  or  sample  to  the 
individual's  name.  Finally,  any  entity  that  releases  genetic  information  about  an 


95 


24  ASSESSING  GENETIC  RISKS 

individual  to  someone  other  than  that  individual  should  ensure  that  the  recipient 
of  the  genetic  information  has  procedures  in  place  to  protect  the  confidentiality  of 
the  information. 

Genetic  Discrimination  in  Health  Insurance 

Legislation  should  be  adopted  to  prevent  medical  risics,  including  genetic 
risks,  from  being  taken  into  account  in  decisions  on  whether  to  issue  or  how 
to  price  health  care  insurance.  Because  health  insurance  differs  significantly 
from  other  types  of  insurance  in  that  it  regulates  access  to  health  care — an  impor- 
tant social  good — risk-based  health  insurance  should  be  eliminated.  Access  to 
health  care  should  be  available  to  every  American  without  regard  to  the  individu- 
al's present  health  status  or  condition;  in  particular,  the  committee  recommends 
that  insurability  decisions  not  be  based  on  genetic  status  (see  Chapters  7  and  8). 

Some  of  the  committee's  concerns  about  genetic  discrimination  in  health  in- 
surance would  be  obviated  by  current  proposals  for  national  health  insurance  re- 
form that  would  eliminate  most,  if  not  all,  aspects  of  medical  underwrifing.  The 
committee  recommends  that  insurance  reform  preclude  the  use  of  genetic 
information  in  establishing  eligibility  for  health  insurance.  As  health  insur- 
ance reform  proposals  are  developed,  those  concerned  with  genetic  disorders  will 
need  to  assess  whether  they  adequately  protect  genetic  information  and  persons 
with  genetic  disorders  from  health  insurance  discrimination  and  discrimination  in 
the  provision  of  medical  services  (see  Chapters  7  and  8). 

Genetic  Discrimination  in  Employment 

Legislation  should  be  adopted  that  forbids  employers  to  collect  genetic 
information  on  prospective  or  current  employees  unless  it  is  clearly  job  relat- 
ed. Sometimes  employers  will  have  employees  submit  to  medical  exams  to  see  if 
they  are  capable  of  performing  particular  job  tasks.  If  an  individual  consents  to 
the  release  of  genetic  information  to  an  employer  or  potential  employer,  the  re- 
leasing entity  should  not  release  specific  information,  but  instead  answer  only  yes 
or  no  regarding  whether  the  individual  was  fit  to  perform  the  job  at  issue. 

The  committee  urges  the  Equal  Employment  Opportunity  Commission  to 
recognize  that  the  language  of  the  Americans  with  Disabilities  Act  (ADA)  pro- 
vides protection  for  presymptomatic  people  with  genetic  risks  for  late-onset  disor- 
ders, unaffected  carriers  of  disorders  that  might  affect  their  children,  and  individ- 
uals with  genetic  profiles  indicating  the  possibility  of  increased  risk  of  a 
multifactorial  disorder.  State  legislatures  should  adopt  laws  to  protect  people 
from  genetic  discrimination  in  employment.  In  addition,  ADA  should  be  amend- 
ed (and  similar  state  statutes  adopted)  to  limit  the  type  of  medical  testing  employ- 
ers can  request  and  to  ensure  that  the  medical  information  they  can  collect  is  job 
related. 
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RESEARCH  AND  POLICY  AGENDA 

In  its  efforts  to  complete  a  comprehensive  overview  of  issues  in  genetic  test- 
ing and  screening,  the  Committee  on  Assessing  Genetic  Risks  identified  signifi- 
cant gaps  in  data,  research,  and  policy  analysis  that  impede  informed  policy  mak- 
ing for  the  future.  Surprisingly  few  data  exist  on  the  extent  of  genetic  testing  and 
screening  today,  for  example,  and  no  system  is  in  place  to  gather  data  or  to  assess 
practices  in  relation  to  the  committee's  principles  and  recommendations  for  the 
future.  The  committee's  review  of  the  key  data,  research,  and  policy  needs  in 
genetic  testing  and  screening  has  generated  recommendations  addressed  to  the 
Ethical,  Legal,  and  Social  Implications  Program  of  the  Human  Genome  Project, 
and  several  recommendations  are  addressed  to  other  relevant  agencies,  including 
other  components  of  the  National  Institutes  of  Health,  the  Agency  for  Health  Care 
Policy  and  Research  (AHCPR),  the  Centers  for  Disease  Control  and  Prevention, 
the  Food  and  Drug  Administration,  the  Public  Health  Service  (PHS),  the  Health 
Care  Financing  Administration,  the  Department  of  Health  and  Human  Services 
(DHHS),  the  Department  of  Energy  (DOE),  the  National  Science  Foundation 
(NSF),  and  a  broad  range  of  private  organizations. 

Policy  Oversight 

The  committee  strongly  believes  that  effective  oversight  will  be  essential  as 
genetic  testing  develops  to  ensure  that  genetic  tests  are  validated  and  used  appro- 
priately, with  respect  for  the  potential  harms  such  testing  may  pose.  For  effective 
overall  and  continuing  policy  oversight,  the  majority  of  the  committee  rec- 
ommends the  creation  of  a  broadly  representative  National  Advisory  Com- 
mittee and  Working  Group  on  Genetic  Testing  to  oversee  professional  prac- 
tices and  determine  when  new  genetic  tests  are  ready  for  wide-scale  use  in 
medical  practice  (see  Chapters  1  and  9). 

Although  the  American  Society  of  Human  Genetics,  National  Society  of 
Genetic  Counselors,  American  Academy  of  Pediatrics,  American  College  of  Ob- 
stetricians and  Gynecologists,  and  other  professional  organizations  have  devel- 
oped policy  statements  on  key  policy  issues  in  genetic  testing,  genetic  testing  has 
moved  beyond  the  domain  of  genetics  specialists  alone.  There  is  also  a  need  for 
broad  public  involvement  in  the  development  of  public  policy  concerning  genetic 
testing  and  screening.  As  discussed  throughout  this  report,  genetic  testing  has 
broad  health  and  social  implications  of  both  immediate  and  future  concern  to 
individuals  and  families  with  genetic  disorders,  genetic  support  groups,  and  the 
public  at  large.  Increased  public  education  will  be  required  to  equip  the  public  to 
make  informed  personal  and  policy  decisions  in  genetic  testing  (see  Chapter  5). 
The  proposed  National  Advisory  Committee  on  Genetic  Testing  and  its  Working 
Group  are  intended  to  provide  the  essential  broadly  based  scientific  and  public 
oversight  for  genetic  testing  and  screening. 
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The  committee  also  sees  a  need  for  broadly  representative  advisory  bod- 
ies at  the  state  level  (see  Chapters  1  and  9).  These  advisory  bodies  should  be 
guided  by  the  principles  outlined  in  this  report.  They  should  guide  state  health 
departments  and  legislatures  on  such  issues  as  when  tests  should  be  added  to 
state-run  screening  programs  and  how  to  ensure  that  the  offering,  testing,  and 
associated  education  and  counseling  are  conducted  in  accord  with  the  principles 
outlined  in  this  report.  State  statutes  affecting  genetic  testing  should  not  be 
unduly  prescriptive  or  restrictive,  and  should  provide  latitude  to  such  advi- 
sory bodies  to  modify  state-run  genetic  testing  programs. 

Research  Policy 

Much  of  current  genetic  testing  grew  out  of  the  context  of  research  studies, 
and  some  genetic  testing  is  still  being  done  in  research  settings.  Research  initia- 
tives involving  genetic  testing  are  being  supported  and  developed  not  only  within 
the  Human  Genome  Project,  but  also  within  the  research  programs  of  various 
components  of  the  National  Institutes  of  Health  (including  the  National  Institute 
of  General  Medical  Sciences,  National  Cancer  Institute,  National  Heart,  Lung, 
and  Blood  Institute,  National  Institute  of  Child  Health  and  Human  Development, 
National  Institute  of  Diabetes  and  Digestive  and  Kidney  Diseases)  and  the  Human 
Genome  Program  of  the  Department  of  Energy.  In  developing  and  approving 
research  protocols,  the  committee  recommends  that  the  NIH  and  the  DOE 
consider  the  recommendations  of  this  committee  within  the  context  of  their 
research  programs,  including  study  of  the  psychosocial  issues  and  implica- 
tions of  genetic  testing  and  the  potential  for  harm  from  the  use  and  misuse  of 
genetic  information.  This  is  especially  significant  where  there  is  no  treatment 
available  for  the  disorders,  as  will  often  be  the  case  in  the  near  future.  In  develop- 
ing requests  for  proposals  and  requests  for  applications  and  in  reviewing  research, 
demonstration  projects,  pilot  studies,  clinical  trials,  and  family  studies  in  genetics, 
funding  agencies  should  pay  particular  attention  to  psychosocial  issues  and  should 
assess  the  availability  of  appropriate  genetic  counseling  and  follow-up  services  as 
elements  of  study  design. 

Need  for  Additional  Standards 

The  committee  identified  several  areas  for  which  additional  standards  were 
needed  concerning  who  should  be  tested,  for  what  disorders,  and  at  what  age. 
While  existing  standards  may  have  been  adequate  for  the  past,  new  stan- 
dards must  be  developed  in  response  to  rapid  developments  in  genetic  testing 
methods  that  are  now  experimental.  In  particular,  additional  standards  are 
needed  for  prenatal  diagnosis,  predispositional  testing,  and  multiplex  testing 
(see  Chapter  9).  Research  and  policy  analysis  is  needed  in  prenatal  genetic  diag- 
nosis to  address  problems  such  as  the  complexities  of  identifying  fetal  cells  in 
maternal  blood,  maternal  serum  alpha-fetoprotein  screening,  notions  of  "perfect- 
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ibility,"  use  of  prenatal  diagnosis  and  selective  abortion  to  choose  the  sex  of  the 
fetus,  the  special  impact  of  prenatal  diagnosis  on  women,  and  carrier  detection  in 
pregnancy  rather  than  prior  to  conception  (see  Chapters  2  and  9).  Reproductive 
genetic  decisions  raise  some  of  the  most  deeply  personal  and  troubling  issues  in 
genetic  testing.  Professional  groups  need  to  work  together  and  develop  innova- 
tive methods  for  involving  the  public  in  the  development  of  standards  for  the  use 
of  these  technologies  (see  Chapters  2,  3,  4,  and  9). 

Standards  are  also  needed  for  genetic  testing  for  predisposition  to  late-onset 
disorders.  There  is  an  important  "window  of  opportunity"  for  considering  these 
issues  now,  before  predispositional  genetic  testing  becomes  widespread.  Tests  for' 
predisposition  to  common  disorders  will  be  of  great  commercial  interest,  and 
could  have  substantial  potential  for  harm  to  individuals  and  families  in  terms  of 
insurability  and  employability,  as  well  as  substantial  benefit  from  the  potential  of 
early  preventive  and  therapeutic  interventions.  Strict  guidelines  for  efficacy  will 
be  necessary  to  prevent  premature  introduction  of  this  technology  (see  Chapters  1, 
2,  and  9).  The  committee  believes  that  population  screening  for  late-onset 
diseases  should  be  considered  only  for  treatable  or  preventable  conditions  of 
relatively  high  frequency  and  only  after  appropriate,  reliable,  sensitive,  and 
specific  tests  become  available;  and  such  tests  should  be  voluntary.  In  gener- 
al, because  of  the  significant  medical  and  psychosocial  consequences  of  predic- 
tive testing,  the  committee  believes  that  testing  of  minors  should  be  discouraged. 
Instead,  research  should  be  undertaken  to  determine  the  appropriate  age  for 
testing  and  screening  for  genetic  disorders  in  minors  in  order  to  maximize 
the  benefits  of  therapeutic  intervention. 

Multiplex  testing — multiple  genetic  tests  on  a  single  blood  or  other  tissue 
sample— represents  one  of  the  most  likely  innovations  in  genetic  testing.  Conse- 
quently, the  committee  also  recommends  the  development  of  standards  for 
multiplex  genetic  testing.  Innovative  methods  are  needed  to  group  tests  by  relat- 
ed types  of  disorders  that  raise  similar  issues  (including  the  availability  of  effec- 
tive treatment  and  how  soon  treatment  needs  to  be  instituted),  as  a  basis  for  appro- 
priate education,  informed  consent,  and  genetic  counseling.  This  will  allow 
potential  screenees  (or  parents)  to  choose  which,  if  any,  group  of  tests  they  feel  is 
appropriate  for  them.  Tests  for  untreatable  disorders  should  not  be  multiplexed 
with  tests  for  disorders  that  can  be  cured  or  prevented  by  treatment  or  by  avoid- 
ance of  particular  environmental  stimuli.  Multiplex  testing  is  also  an  area  in 
which  more  research  is  needed  to  develop  ways  to  ensure  that  patient  autonomy  is 
recognized  (see  Chapters  1,  2,  3,  4,  and  8). 

Policy  Research  Needs 

The  committee  identified  significant  data  and  policy  research  needs  related  to 
genetic  testing  (see  Chapter  9).  In  addition  to  its  other  recommendations,  the 
committee  identified  several  areas  in  which  policy  research  is  needed,  including 
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•  pilot  studies  of  new  tests  before  wide-scale  introduction; 

•  cost-effectiveness  analysis  of  genetic  testing; 

•  critical  deficiencies  in  data  on  genetic  services; 

•  research  on  population  distribution  and  heterogeneity  of  traits  in- 
volved in  genetic  or  genetically  influenced  disease;  and 

•  assessment  of  what  has  been  learned  thus  far  from  ELSI  research  and 
policy  studies. 
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Dr.  HOLTZMAN.  These  are  only  a  few  of  the  extramural  activities 
supported  by  the  ELSI  Program.  The  NIH,  DOE,  ELSI  working 
group  has  already  issued  a  report,  and  again,  you  have  heard  about 
this  from  its  Task  Force  on  Insurance  and  Genetic  Testing,  includ- 
ing recommendations  on  genetic  testing  and  insurance. 

The  Working  Group  has  recently  initiated  a  Task  Force  on  ge- 
netic testing  whose  purpose  is  to  assure  that  policies  are  in  place 
to  promote  the  safe  and  effective  use  of  genetic  tests.  Genetic  dis- 
crimination by  employers  and  privacy  issues  are  other  areas  in 
which  the  working  group  has  been  active. 

Thus  the  problems  are  being  tackled,  in  no  small  part  due  to  the 
wisdom  of  the  Congress  in  assuring  the  availability  of  funds  to 
study  these  and  other  issues  related  to  the  ethical,  social,  and  legal 
implications  of  the  human  genome  project. 

We  are  off  to  an  unprecedented  start  in  anticipating  the  potential 
harmful  effects  of  a  powerful  new  technology,  rather  than  waiting 
until  they  become  ingrained  in  our  health  care. 

Thank  you  again  for  the  opportunity  to  speak. 

[The  prepared  statement  of  Dr.  Holtzman  follows:] 
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TESTIMONY  OF  NEIL  A.  HOLTZMAN,  M.D..  M.P.H 

BEFORE  THE  SUBCOMMITTEE  ON  ENERGY, 

COMMITTEE  ON  SCIENCE,  SPACE,  AND  TECHNOLOGY 

U.S.  HOUSE  OF  REPRESENTATIVES 

OCTOBER  4,  1994 

Chairperson  Lloyd,  Members  of  the  Committee,  Ladies  and  Gentleman: 

Thank  you  for  giving  me  the  opportunity  to  discuss  some  of  the  implications  for  society  of 
technological  breakthroughs  in  human  genome  research.    My  remarks  will  focus  on  new 
genetic  tests  made  possible  by  the  identification  of  genes  that  play  a  role  in  human  diseases. 
By  way  of  background,  I  am  a  pediatrician  and  geneticist,  and  Professor  of  Pediatrics, 
Health  Policy,  and  Epidemiology  at  The  Johns  Hopkins  Medical  Institutions.    I  am  a 
member  of  the  Joint  Working  Group  on  Ethical,  Legal  and  Social  Implications  (ELSI)  of 
Human  Genome  Research  of  the  National  Institutes  of  Health  (NIH)  and  Department  of 
Energy  (DOE).    I  am  also  a  recipient  of  grants  from  the  ELSI  program  of  the  National 
Center  for  Human  Genome  Research,  NIH.    Much  of  my  research  has  been  at  the  interface 
of  basic  science  and  medical  practice,  attempting  to  understand  the  role  of  genes  in  disease 
and  how  breakthroughs  in  genetics  reach  the  public  in  the  form  of  tests  for  genetic 
disorders. 

The  discovery  of  a  disease-related  gene  depends  on  finding  variant  forms  of  the  gene— 
alleles-in  people  with  the  disease  that  are  absent  in  people  without  the  disease.    Usmg 
recombinant  DNA  technology,  this  approach  has  yielded  genes  for  cystic  fibrosis, 
Huntington  disease,  muscular  dystrophy,  neurofibromatosis,  fragile  X,  familial  forms  of 
colon  cancer,  melanoma  and,  very  recently,  breast  cancer,  to  name  but  a  few.    Once  these 
disease  alleles  are  identified,  it  is  technically  trivial  to  devise  probes  that  can  be  used  in 
clinical  settings  for  detecting  healthy  individuals  who  are  going  to  get  the  disease.    Whether 
the  tests  can  attain  this  goal  safely  and  effectively  is  not,  however,  a  trivial  matter. 

Let  me  explain  why.   The  initial  discovery  of  a  disease-related  gene  is  made  in  a  few 
families.    But  will  the  alleles  that  are  associated  with  disease  in  these  families  be  the  same 
ones  as  in  others  with  the  disease?    Let  me  give  two  examples  that  illustrate  problems. 

Cystic  fibrosis  The  alleles  that  proved  the  identify  of  the  cystic  fibrosis  (CF)  gene 
accounted  for  fewer  than  half  of  all  patients  with  CF  (but  all  of  the  patients  within  the 
families  under  investigation).   To  have  begun  clinical  testing  with  just  these  probes 
would  have  missed  over  half  the  cases.    (Since  the  discovery  of  the  CF  gene,  scientists 
have  found  over  300  different  alleles  that  can  lead  to  cystic  fibrosis.    Today,  we  can 
detect,  among  white  populations,  about  90  %  of  carriers  of  cystic  fibrosis  alleles.    In 
non- white  populations,  in  which  the  disease  occurs  less  frequently,  the  percentage  is 
considerably  lower.) 

Breast  cancer   Current  estimates  are  that  only  about  10  %  of  all  people  who  will  get 
colon  or  breast  cancer  have  alleles  that  greatly  increase  their  risk.    People  who  test 
negative  may  assume,  erroneously,  their  risk  is  low  and  fail  to  take  other  steps  to  detect 
disease  early.    Negative  genetic  test  results  could  lull  them  and  their  physicians  into 
neglecting  the  disease  as  a  possible  cause  when  symptoms  do  appear.    (A  person  from  a 
high  risk  family  with  a  negative  test  has  an  appreciably  lower  risk  than  before  testing 
and  could  be  spared  interventions  recommended  for  those  who  test  positive.    Both  could 
be  spared  the  anxiety  of  uncertainty.) 
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The  chance  of  missing  people  who  carry  alleles  for  disease  —  scientists  call  this  the 
sensitivity  of  a  test  --  is  not  the  only  error  intrinsic  to  genetic  tests.    People  with  positive 
test  results  will  not  always  develop  the  disease  or  have  a  high  risk  of  having  children  with 
the  disease.    Scientists  call  this  the  predictive  value  of  a  positive  test.    In  high  risk  families, 
in  which  several  relatives  have  colon  or  breast  cancer,  people  found  by  testing  to  have  a 
susceptibility-conferring  allele  will  not  always  get  the  disease  even  if  they  live  past  80. 
Cancer  is  a  complex  disease  in  which  certain  alleles  increase  susceptibility,  but  other  genetic 
as  well  as  dietary  and  environmental  factors  must  be  present  before  malignant  lesions 
appear.    Our  understanding  of  these  factors  is  rudimentary.    A  woman  who  is  told  she  has 
an  allele  for  breast  cancer  may  decide  to  have  a  prophylactic  mastectomy  but  she  may  never 
develop  breast  cancer.    (This  is  unlikely  in  families  in  which  several  close  relatives  (sisters 
or  mother)  have  already  developed  cancer,  but  we  remain  ignorant  of  whether  finding  the 
allele  in  people  without  a  family  history  carries  the  same  risk.)   The  role  of  genes  in  other 
common  disorders,  such  as  coronary  artery  disease  and  mental  illness,  is  also  exceedingly 
complex. 

For  single-gene  (Mendelian)  genetic  diseases,  a  positive  result  for  being  a  carrier  of  a 
recessive  or  X-linked  disorder  seldom  carries  any  risk  to  the  individual.  For  recessive 
disorders,  the  chance  that  a  carrier  will  have  children  with  the  disorder  depends  on  his  or 
her  partner  also  being  a  carrier.  People  are  not  always  told,  and  may  not  understand,  that  a 
positive  test  result  does  not  mean  that  disease  will  occur  in  them  or  in  their  children. 
Deficiencies  in  communication  and/or  understanding  have  been  documented  in  carrier 
screening  for  sickle  cell  anemia,  Tay  Sachs  disease,  and  cystic  fibrosis. 

Even  when  positive  test  results  carry  a  high  probability  that  disease  will  appear,  individuals 
may  not  necessarily  benefit  from  the  knowledge.    First  of  all,  there  may  be  little  of  proven 
efficacy  that  can  be  done.    Fran  Visco,  the  President  of  The  National  Breast  Cancer 
Coalition,  a  consumer  organization,  pointed  out  last  month  that  a  positive  genetic  test  for 
familial  breast  cancer  gives  a  woman  information  about  her  risk  of  getting  a  disease  for 
which  there  is  no  known  cure  and  which  she  cannot  prevent.    Second,  people  with  positive 
test  results  risk  losii^g  their  health  insurance  as  long  as  insurers  can  deny  coverage,  or 
charge  higher  premiums,  to  those  with  pre-existing  conditions,  of  which  inheriting  a  disease 
allele  is  one.    Visco  goes  on  to  say  that  a  genetic  test  for  breast  cancer  may  actually  do 
harm  because  women  who  test  positive  risk  losing  their  health  and  life  insurance.    Third, 
genetic  tests,  which  are  not  explicitly  included  under  the  Americans  with  Disabilities  Act, 
could  be  used  to  deny  jobs  even  when  a  positive  test  result  does  not  impair  the  worker's 
ability  to  perform  the  job.    Employers  are  also  able  to  exclude  conditions  for  which 
employees  have  positive  genetic  test  results  from  their  health  benefits.    Fourth,  genetic  test 
results  could  be  communicated  to  relatives  or  others  without  the  knowledge  and  permission 
of  the  person  being  tested,  who  might  be  harmed  as  a  result. 

After  a  disease  gene  has  been  identified  much  needs  to  be  done,  therefore,  before  that 
discovery  can  be  translated  into  effective  genetic  testing  whose  benefits  outweigh  the  risks. 
Despite  lack  of  data  on  test  sensitivity  and  predictive  value,  on  adverse  reactions  to  testing, 
or  on  the  efficacy  of  follow-up  interventions,  medical-centers  and  commercial  clinical 
laboratories  are  offering  genetic  tests  for  colon  and  breast  cancer  and  Alzheimer  disease,  to 
name  the  more  common  disorders.    They  can  do  this  because  the  Food  and  Drug 
Administration  (FDA),  which  could  require  the  collection  of  such  data  if  the  test  or  its 
components  were  bomg  sold  to  other  users,  has  little  authority  to  regulate  laboratories  who 
provide  these  tests  ai  services.    The  FDA  could,  however,  require  these  laboratories  to 
participate  in  protocols  to  assess  the  essential  components  of  genetic  testing,  most  of  which 
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have  not  been* approved  for  clinical  use.    Unfortunately,  the  agency  does  not  have  the 
resources  to  do  so. 

Nor  is  there  much  assurance,  in  most  states,  that  the  laboratories  offering  these  tests  are 
sufficiently  proficient.    People  are  sometimes  given  wrong  information  because  of  avoidable 
mistakes  in  the  laboratory.    Although  the  Clinical  Laboratories  Improvement  Amendments  of 
1988  provides  a  framework  for  assuring  the  quality  of  laboratories  performing  genetic  tests, 
the  Health  Care  Financing  Administration,  which  administers  the  Act,  has  not  yet  applied  its 
provisions  to  the  specialty  of  genetic  testing. 

The  decision  of  a  person  to  have  a  genetic  test  is  not  an  easy  one.    With  doubts  about  the 
efficacy  of  interventions  to  prevent  cancer  or  Alzheimer  disease,  for  instance,  some  people 
would  prefer  not  to  know  that  they  are  susceptible.    Some  might  fear  losing  their  health 
insurance  if  they  tested  positive.    Carrier  testing  and  prenatal  genetic  diagnosis  present 
people  with  options  for  avoiding  the  conception  or  birth  of  children  with  serious  genetic 
disorders.    Some  people  will  reject  all  of  these  options  and  would,  therefore,  prefer  not  to 
be  tested.    Geneticists  and  genetic  counselors,  who  have  been  trained  to  present  the  options 
in  a  non-directive  manner,  are  in  short  supply.    Their  numbers  are  unlikely  to  increase 
substantially.    Consequently,  non-geneticist  physicians,  especially  primary  care  physicians, 
will  increasingly  provide  information  to  patients  about  genetic  testing.    In  work  supported  by 
the  ELSI  Program  of  the  National  Center  for  Human  Genome  Research,  NIH,  my 
colleagues  and  I  have  shown  that  primary  care  physicians  have  significant  gaps  in  their 
knowledge  of  genetics  and  genetic  testing.    Many  of  them  believe  it  is  appropriate  to 
recommend  a  course  of  action  to  their  patients  in  deciding  to  have  a  prenatal  diagnostic  test. 
With  your  permission,  I  would  like  to  enter  the  published  reports  of  two  of  our  studies  into 
the  record. 

Work  of  the  type  I  have  just  described,  supported  by  the  Human  Genome  Project,  is  helping 
this  society  to  chart  a  safer  course  in  the  pathway  from  discovery  of  genes  to  routine  use  of 
genetic  tests.    The  National  Center  for  Human  Genome  Research,  in  cooperation  with  other 
Institutes  at  NIH,  has  provided  support  to  several  medical-centers  to  establish  pilot  programs 
for  cystic  fibrosis  carrier  screening  and  to  others  to  explore  issues  in  testing  for  hereditary 
breast,  ovarian,  and  colon  cancer.    NIH  and  DOE  also  supported  the  convocation  of  an 
Institute  of  Medicine  Committee  to  consider  ethical,  legal  and  social  implications  of  genetic 
testing.   With  your  permission,  I  would  like  to  enter  the  executive  summary  of  the 
Committee's  report  into  the  record.    These  are  only  a  few  of  the  extramural  activities 
supported  by  the  ELSI  Program.    The  NIH/DOE  Working  Group  has  already  issued  a  report 
of  its  Task  Force  on  Insurance  and  Genetic  Testing,  including  recommendations  on  genetic 
testing  in  insurance.    The  Working  Group  has  recently  initiated  a  Task  Force  on  genetic 
testing  whose  purpose  is  to  assure  that  policies  are  in  place  to  promote  the  safe  and  effective 
use  of  genetic  testing.    Genetic  discrimination  by  employers  and  privacy  issues  are  other 
areas  in  which  the  Working  Group  has  been  active. 

Thus  the  problems  are  beginning  to  be  tackled,  in  no  small  part  due  to  the  wisdom  of  the 
Congress  in  assuring  the  availability  of  funds  to  study  these  and  other  issues  related  to  the 
ethical,  social,  and  legal  implications  of  the  Human  Genome  Project.    We  are  off  to  an 
unprecedented  start  in  anticipating  the  potential  harmful  effects  of  a  powerful  new 
technology  rather  than  waiting  until  they  become  ingrained  in  our  h^th  care. 

Thank  you  again  for  the  opportunity  to  address  you. 
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Mrs.  Lloyd.  Thank  you  very  much,  Dr.  Holtzman.  My  colleagues 
have  gone  for  a  recorded  vote  and  I  choose  to  remain  with  you  all 
and  not  make  a  recorded  vote. 

Dr.  Clajrton. 

Dr.  Clayton.  Madam  Chair,  Members  of  the  committee,  I  would 
like  to  thank  you  as  well  for  inviting  me  to  address  you  about  some 
of  the  ethical,  legal,  and  social  issues  posed  by  genetics. 

In  the  next  few  minutes,  I  propose  respectfully  to  disagree  with 
Dr.  Patrinos  and  sort  of  spell  out  for  you  in  a  little  bit  more  detail 
some  of  the  many  reasons  why  people  may  have  to  be  legitimately 
concerned  about  genetic  information  and  that  there  are  many 
sources  from  which  genetic  information  can  be  obtained  over  which 
people  have  little  control. 

My  own  background  in  these  issues  are  that  I  am  a  primary  care 
physician,  one  of  the — and  I  am  a — have  also  been  a  recipient  of 
funding  from  the  NIH  to  study  some  of  these  issues,  and  I  also 
have  written  extensively  about  the  law's  approach  to  the 

Mrs.  Lloyd.  You  are  an  extremely  qualified  woman,  and  we  are 
very  delighted  to  have  you  with  us  today.  I  was  looking  at  your  bio- 
graphical sketch.  I  was  very  impressed. 

Dr.  Clayton.  I  will  conclude  that  there  is  a  strong  need  to  con- 
struct stronger  mechanisms  to  protect  the  confldenti^ity  of  genetic 
information  and  ultimately  a  need  for  health  care  reform,  I  think, 
of  which  we  already  know,  but  which  the  advances  in  genetics 
make  abundantly  clear. 

We  do  know  that  genetic  information  can  be  highly  useful  to  peo- 
ple. It  can  enable  them  to  prepare  for  and  even  avert  some  risk  to 
their  own  health  and  the  health  of  their  loved  ones.  We  do  know, 
for  example,  that  if  treated,  children  with  metabolic  diseases  like 
phenylketonuria  and  galactosemia  can  lead  almost  normal  lives, 
whereas  without  treatment,  they  would  be  profoundly  retarded  or 
even  die. 

But  we  also  know  that  there  is  much  genetic  information  that  we 
are  less  clear  about  what  to  do.  As  Dr.  King  has  already  made 
abundantly  clear,  we  don't  know  exactly  what  it  means  to  be  found 
to  have  a  mutant  allele  for  BRCAl. 

And  as  Dr.  Holtzman  has  already  made  clear,  people  can  also  use 
genetic  information  to  make  reproductive  choices  that  are  more  in 
line  with  their  own  goals.  But,  as  we  also  know,  learning  about 
one's  genetic  makeup  is  not  without  cost.  Even  when  the  implica- 
tions are  properly  understood,  people  may  be  made  uncomfortable 
or  anxious  by  having  more  knowledge  about  the  risks  of  the  disease 
that  they  or  their  families  may  face.  Women  in  particular  may  be 
anguished  by  the  implications  of  prenatal  diagnosis,  and  these  im- 
plications can  be  heightened  by  the  fact  that  many  of  the  people 
who  receive  this  information  may  be  clinically  well,  may  receive — 
may  be  receiving  this  information  at  a  time  in  their  life  when  they 
perceive  of  themselves  as  not  ill. 

It  has  also  been  made  abundantly  clear  that  most  genetic  infor- 
mation is  probabilistic  rather  than  certain.  The  fact  that  a  person 
has  a  gene  for  colon  cancer  means  that  he  is  more  likely  to  get 
colon  cancer,  but  no  one  knows  when  or  if  he  in  fact  will.  Prob- 
abilistic information  is  not  something  people  in  general  do  very 
well  with. 
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And  then  as  Dr.  Holtzman  has  also  made  clear,  the  fact  of  the 
matter  is,  physicians  and  patients  can  simply  misunderstand  what 
the  implications  of  genetic  information  are. 

Another  thing  that  particularly  has  been  revealed  in  some  of  the 
work  that  has  been  funded  by  the  ELSI  program  is  that  getting  ge- 
netic information  can  have  a  profound  impact  on  relationships 
within  families,  some  of  which  may  be  less  than  obvious  at  the  out- 
set. 

In  a  study  of  families  at  risk  for  cystic  fibrosis,  for  example,  Jo- 
anna Fanos  demonstrated  that  some  families  simply  are  silent 
about  the  disease,  refusing  to  share  information  about 
inheritability  with  some  family  members  who  are  at  risk.  In  some 
families  it  appears  that  this  silence  is  a  result  of  shame  or  denial, 
but  in  other  families,  it  is  a  result  of  a  desire  by  the  person  with 
the  information  to  protect  their  relatives  from  anxiety  or  even  from 
losing  their  insurance,  a  subject  to  which  I  will  return  in  just  a 
minute.  And  even  if  information  is  shared  within  families,  that  can 
have  effects  as  well. 

We  all  know  that  family  members  not  infrequently  put  pressure 
on  each  other  to  have  tests,  to  share  information,  and  do  other 
things  like  that.  But  we  also  know  that,  at  least  under  our  current 
legal  system,  family  members  do  not  have  a  right  to  get  medical 
or  genetic  information  about  each  other  without  the  consent  of  the 
person  about  who  the — about  whom  the  information  obtains.  In  our 
society,  genetic  information  is  personal  and  private  in  the  family 
setting. 

And  if  the  information  is  shared,  family  relationships  can  be  al- 
tered in  other  ways  as  well.  Sometimes  a  family  member  who  is 
found  not  to  be  a  carrier  of  the  particular  gene  that  runs  in  the 
family  may  find  themselves  ostracized  from  the  family  because 
they  are  no  longer  under  the  family  cloud.  The  person  who  is  found 
to  have  the  gene  may  perhaps  happily  be  included  within  the  fam- 
ily fold. 

Now,  pointing  out  these  implications,  both  for  the  person's  view 
of  themselves  and  for  the  implications  for  their  family  is  not  to  say 
that  we  shouldn't  be  sharing  this  information.  I  think  that  that 
course  would  be  far  too  paternalistic,  but  rather  it  is  to  say  that 
when  people  make  decisions  about  having  genetic  testing,  they 
need  to  be  apprised  about  what  the  potential  consequences  to  them 
might  be  so  that  they  can  make  better  decisions  that  fit  more  with 
their  own  lives. 

Now,  it  is  the  case  that  when  we  as  physicians  offer  tests  to  pa- 
tients or  any  other  thing,  we  are  supposed  to  tell  them  what  the 
possible  implications  are  going  to  be.  However,  we  need  to  be  doing 
considerably  better  in  this  regard. 

But  the  thing  that  bothers  people,  I  think,  more  than  anything 
else  is  not  so  much  what  the  impact  on  their  own  self-image  is  or 
the  impact  on  their  family  relationships,  but  rather  the  one  to 
which  Dr.  Holtzman  has  already  alluded,  namely  the  impact  on  in- 
surability. 

We  too  are  recipients  of  one  of  the  grants  to  look  at  the  disper- 
sion of  carrier  testing  for  cystic  fibrosis  in  the  general  population, 
and  we  have  just  completed  a  survey  where  we  asked  people  why 
they  didn't  do  it,  and  what  we  found  was  the  factor  that  was  men- 
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tioned  most  often  was  fear  of  losing  insurance,  even  though,  as  we 
asked  these  people  to  fill  out  these  questionnaires,  we  told  them 
that  if  they  were  found  to  be  carriers,  they  would  not  be  at  risk 
of  getting  cystic  fibrosis  themselves  and  that  there  was  only  a  risk 
that  their  children  would  be  affected. 

Even  so,  more  than  any  other — more  than  concerns  about  abor- 
tion, more  than  concerns  about  their  partner's  opinion,  more  than 
concerns  about  anjrthing  else,  the  number  one  thing  that  was  most 
important  to  them  was  concerns  about  insurance. 

Now,  you  can  say  that  their  fears  are  unfounded.  We  as  yet  have 
only  a  little  evidence  that  people  who  have  reproductive  risks  are 
having  trouble  getting  health  insurance  for  themselves  and  their 
families,  but  whether  those  fears  are  founded  or  not,  people  are 
very  worried  about  the  effect  of  getting  information  on  their  insur- 
ability, and  these  concerns  affect  their  willingness  to  have  genetic 
tests.  Those  for  whom  genetic  tests  can  provide  information  about 
their  own  future  health  have  much  more  reason  for  concern  about 
insurance  as  we  have  already  heard. 

A  woman  who  learns  that  she  carries  2  mutant  gene  for  BRCAl 
would  almost  surely  be  unable  to  get  life  insurance  or  health  insur- 
ance in  the  private  market.  We  already  know  that  some  people  are 
choosing  to  pay  cash  when  they  get  genetic  testing  because  they 
don't  want  their  insurer  to  find  out  about  it.  Unfortunately,  paying 
cash  doesn't  avoid  all  the  problems. 

One  problem  it  doesn't  avoid  is  that  the  insurer  can  always  ask 
you:  "Have  you  had  a  genetic  test?"  And  then  the  patient  is  put  to 
the  question  of  whether  they  are  going  to  lie  or  whether  they  are 
going  to  go  ahead  and  tell  the  truth.  And  that's  a  fundamental 
problem.  Even  beyond  that,  people  may  feel  uncomfortable  or  even 
be  harmed  if  they  have  information  about  their  own  genetic  risks 
that  they  are  unwilling  to  share  with  their — with  their  physician 
or  other  health  care  provider  because  they  are  desperately  afraid 
that  that  information  is  going  to  get  in  their  medical  records. 

And  then  finally,  as  Dr.  Holtzman  has  also  made  clear,  concerns 
about  insurability  affect  decisions  about  employment.  An  article  in 
The  York  Times  a  few  years  ago  made  clear  that  about  20  percent 
of  Americans  currently  perceive  that  they  have  job  lock  secondary 
to  concerns  about  insurance  and  it  really  is  unclear  how  much 
Americans  are  protected  from  discrimination  by  their  employers  by 
the  Americans  with  Disabilities  Act.  At  the  moment,  it  is  pretty 
clear  that  the  protection  is  incomplete. 

Now,  so  far  I've  focused  on  the  reasons  why  people  may  want  to 
ensure  the  privacy  of  their  genetic  information  and  the  factors  that 
they  may  want  to  think  about  when  they  are  making  decisions 
about  having  genetic  tests. 

The  second  point  that  I  want  to  make  is  this,  namely,  that  ordi- 
narily people  think  they  have  control  over  what  tests  are  done 
about  them.  And  the  fact  is  that  there  are  tissue  samples  in  stor- 
age for  millions  of  Americans  which  could  be  used  for  genetic  test- 
ing. Every — virtually  every  time  a  baby  is  bom  in  the  United 
States,  blood  tests  are  run  to  see  if  the  baby  has  PKU  or 
galactosemia  so  that  treatment  can  be  started  early. 

For  the  most  part,  these  tests  are  a  really  good  idea.  But  it's  the 
case  that  some  States  have  held  onto  these  blood  samples  for  over 
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20  years.  It's  also  the  case  that  when  one  has  surgery,  pathologists 
are  required  to  hold  onto  the  tissue  that's  obtained  at  surgery.  And, 
again,  some  States  require  that  pathologists  hold  onto  these  tissues 
for  20  years. 

Now,  the  good  news  is  that  so  far  use  of  these  sorts  of  samples 
for  clinical  tests  that  are  relevant — that  are  relevant  to  the  individ- 
ual are  not  currently  done,  being  done  without  consent.  But  there 
is  no  technical  reason  why  a  tissue  sample  that's  in  a  pathologist's 
bank  couldn't  be  used  for  genetic  tests  without  asking  the  person. 

And  so  I  think  as  we — this  possibility  is  something  that  is  cur- 
rently being  considered  £ind  we  are  currently  in  the  process  of  de- 
veloping guidelines  to  make  clear  that  consent  needs  to  be  ob- 
tained. But  at  the  moment,  I  think  it's  important  to  realize  that 
there  is  a  lot  of  genetic — potentially  available  genetic  information 
out  there. 

In  conclusion,  in  the  last  few  years,  as  the  result  of  analysis  and 
research,  much  of  it  funded  by  the  ELSI  programs  of  the  DOE  and 
NIH,  we've  learned  much  more  about  how  genetic  information  af- 
fects people,  how  it  affects  themselves,  their  relationships  with 
their  families,  their  access  to  insurance  and  their  interactions  with 
their  employers.  And  we  are  clear  that  people  need  to  know  about 
these  consequences  before  they  decide  about  testing.  And  if  they 
are  to  make  informed  decisions,  they  need  to  know  reliably  who  is 
going  to  have  access  to  this  information  and  who  is  not. 

I  would  contend  that  our  current  protections  for  confidentiality 
are  inadequate  to  the  task,  particularly  as  we  move  toward  the  cre- 
ation of  more  extensive  collections  of  health  information  and  as  we 
realize  that  tissues  from  which  genetic  information  can  be  obtained 
are  widely  available. 

And  finally,  the  impact  of  concerns  about  access  of  insurance  on 
people's  decisions  about  genetic  testing  strengthens — strengthens 
the  case  for  health  care  reform  to  ensure  access  to  adequate  health 
care  for  all  Americans  without  exclusions  for  preexisting  causes. 

Thank  you  very  much. 

[The  prepared  statement  of  Dr.  Clayton  follows:] 


108 


University 

Center 


«  Childreris  Hospital  of  VanderbUt  !S 

Department  of  Pediatrics  Children's  Hospital  Outpalieni  Center 

Division  of  General  Ped.atncs  Suite  3963.  The  Vanderbill  Clinic 

Nasliville.  TN  37232-5577 
|6I5|  322-6134 


TESTIMONY  BEFORE  THE  SUBCOMMITTEE  ON  ENERGY 

COMMITTEE  ON  SCIENCE,  SPACE,  AND  TECHNOLOGY 

U.S.  HOUSE  OF  REPRESENTATIVES 

Ellen  Wright  Clayton,  MD,  JD 

October  4,  1994 

Thank  you  for  inviting  me  to  address  you  about  some  of  the 
ethical,  legal,  and  social  issues  posed  by  genetics.   In  the  next 
few  minutes,  I  hope  to  demonstrate  that  people  have  many  reasons 
to  be  legitimately  concerned  about  genetic  information  and  that 
there  are  many  sources  from  which  such  information  could  be 
obtained  over  which  individuals  have  little  control.   I  will 
conclude  that  there  is  a  strong  need  to  construct  stronger 
mechanisms  to  protect  the  confidentiality  of  genetic  information 
and  ultimately  a  need  for  health  reform. 

Genetic  information  can  be  highly  useful  to  individuals.   It 
can  enable  them  to  prepare  for  and  even  avert  some  risks  to  their 
own  health  and  the  health  of  their  loved  ones.   We  know,  for 
example,  that  if  treated,  children  who  have  galactosemia  or 
phenylketonuria  (PKU)  can  lead  almost  completely  normal  lives. 
Without  treatment,  these  children  would  be  profoundly  retarded 
and  could  even  die.   Some  people  may  also  use  genetic  information 
to  make  reproductive  decisions  that  more  closely  fit  with  their 
own  goals . 

Learning  more  about  one's  genetic  makeup  is  not  without 
cost.   Even  when  the  implications  are  properly  understood,  people 
may  be  made  uncomfortable  or  anxious  by  having  more  knowledge 
about  the  risks  of  disease  they  or  their  family  may  face.   Women, 
in  particular,  may  be  anguished  by  the  implications  of  prenatal 
diagnosis.   This  anxiety  may  be  heightened  by  the  fact  that 
ofttimes  the  person  who  receives  it  is  clinically  well.   In 
addition,  most  genetic  information  is  probabilistic  rather  than 
certain  --  the  fact  that  a  person  has  a  gene  for  colon  cancer 
means  that  he  is  more  likely  to  get  cancer  but  no  one  knows  when 
or  even  if  he  actually  will.   In  addition,  people  and  their 
physicians  may  simply  misunderstand  the  implications  of  genetic 
information. 

Having  more  specific  genetic  information  can  also  change 
relationships  within  families,  sometimes  in  ways  that  initially 
may  seem  unexpected.  In  a  study  of  families  at  risk  for  cystic 
fibrosis,  for  example,  Joanna  Fanos  demonstrated  that  some 
families  simply  are  silent,  refusing  to  share  information  about 
heritability  with  family  men±iers  who  are  at  risk.  This  silence 
is  sometimes  the  result  of  shame  or  denial.   Silence  may  also 
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result  from  a  desire  to  protect  relatives  from  worry  or  from 
losing  their  insurance.   Sharing  the  possibility  of  genetic  risk 
can  disturb  family  relationships  as  well.   People  may  feel 
entitled  to  pressure  their  relatives  to  have  tests  or  to  learn 
more  about  their  relatives'  genetic  test  results.   But  the  fact 
is  that  family  members  cannot  use  the  law  to  force  each  other  to 
be  tested  or  to  reveal  their  results  and  physicians  generally 
cannot  reveal  this  sort  of  information  without  the  person's 
consent.   Genetic  information  is  personal  and  private  in  the 
family  setting.   If  test  results  are  shared,  relatives  who  are 
found  not  to  be  at  risk  for  passing  the  disease  on  to  their 
children  may  find  themselves  ostracized  because  they  are  no 
longer  under  the  "family  cloud."   Perhaps  happily,  those  who  have 
the  gene  may  be  included  more  fully  into  the  family  fold.   Thus, 
how  genetic  information  is  viewed  within  families  can  be  a  source 
of  conflict  and  concern.   The  message  here  is  not  that  people 
should  be  denied  genetic  testing  to  protect  them  from 
interpersonal  psychosocial  difficulties.   That  sort  of 
paternalism  is  not  warranted,  especially  since  many  people  and 
families  find  this  sort  of  information  to  be  helpful.   People  do, 
however,  need  to  be  told  about  the  possible  personal  and  family 
consequences  so  that  they  can  think  about  what  the  information 
may  mean  for  them  before  they  decide  whether  or  not  to  accept 
testing. 

People  appear  to  be  most  concerned,  however,  about  the 
revelation  of  genetic  information  to  third  parties,  such  as  their 
employers  and  insurers.   We  interviewed  more  than  300  people 
about  their  views  about  carrier  testing.   People  who  are  carriers 
for  many  genetic  diseases  will  never  be  affected  themselves,  but 
their  children  have  a  greater  chance  of  having  that  particular 
inherited  disease.   More  than  four  out  of  five  people  said  that 
when  they  were  deciding  about  whether  to  have  carrier  testing, 
the  risk  of  losing  their  insurance  was  important  or  very 
important.   In  fact,  fears  about  insurance  were  the  most 
important  of  the  ones  that  we  asked  about.   In  the  group  we 
asked,  more  than  a  third  felt  that  the  risk  of  losing  one's 
insurance  if  one  was  found  to  be  a  carrier  was  medium  or  high. 

One  could  argue  that  these  people's  fears  are  unfounded.   We 
have  only  a  little  evidence  that  people  who  have  a  risk  of  having 
children  affected  with  genetic  diseases  are  having  trouble 
getting  health  insurance  for  themselves  and  their  families.   But 
whether  founded  or  not,  people  are  worried  about  the  effect  of 
getting  information  regarding  reproductive  risks  on  their 
insurability.   These  concerns  affect  their  willingness  to  have 
genetic  tests. 

Those  for  whom  genetic  tests  can  provide  information  about 
their  own  future  health  have  more  reason  for  concern  about 
insurance .   A  woman  who  learns  that  she  carries  the  gene  for 
BRCAl  would  almost  surely  be  unable  to  obtain  health  or  even  life 
insurance  in  the  private  market.   We  already  know  that  some 
people  are  paying  cash  for  genetic  tests  in  an  effort  to  keep 
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their  insurer  from  finding  out  that  the  tests  were  performed. 
Unfortunately,  paying  cash  may  not  avoid  all  the  problems. 
Insurers  can  still  ask  people  whether  they  have  had  tests,  and 
people  will  need  to  decide  how  they  will  answer.   People  may  also 
feel  uncomfortable  and  may  even  be  harmed  if  they  have 
information  that  may  be  relevant  to  their  health  care  that  they 
dare  not  share  with  their  physician  for  fear  that  the  information 
will  end  up  in  their  medical  record. 

Concerns  about  insurance  can  also  affect  people's  decisions 
about  their  employment.   We  already  know  that  many  people  already 
experience  "job  lock"  because  of  their  fears  about  insurance.   It 
is  unclear  how  much  employers  can  use  genetic  information  to 
decrease  the  costs  of  providing  health  care  for  their  employees. 
The  Americans  with  Disabilities  Act  is  a  help,  but  it  does  not 
provide  complete  protection  to  employees  when  they  or  their 
families  are  known  to  be  at  risk  for  genetic  disorders. 

So  far  I  have  focused  on  the  reasons  why  people  may  want  to 
ensure  the  privacy  of  their  genetic  information  and  the  factors 
they  may  want  to  consider  in  deciding  whether  or  not  to  undergo 
genetic  testing.   The  second  point  I  want  to  make  is  this.   We 
ordinarily  think  that  people  have  control  over  what  tests  are 
done  to  learn  more  about  them.   The  fact  is  that  tissue  samples 
have  been  stored  for  millions  of  Americans  which  could  be  used 
for  genetic  testing.   Every  time  a  baby  is  born  in  this  country, 
samples  of  blood  are  taken  for  testing  for  certain  diseases  that 
need  to  be  diagnosed  early  if  the  affected  child  is  to  do  well. 
For  the  most  part,  these  programs  are  a  good  thing.   But  some 
states  hold  onto  these  samples  for  years .   Whenever  a  person  has 
some  tissue  removed  at  surgery,  the  hospital's  pathology  lab  is 
required  to  retain  some  of  the  tissue,  in  some  states  for  as  long 
as  twenty  years.   Here  as  well,  retaining  tissue  samples  can  be 
useful  for  the  person's  later  clinical  care.   These  samples 
represent  a  powerful  repository  of  genetic  information.   At 
present,  genetic  testing  for  clinical  purposes  is  not  being 
performed  on  such  samples  without  the  person's  consent.   Such 
testing  is  technically  possible  without  further  involvement  by 
the  individual,  however,  and  if  undertaken,  genetic  information 
about  that  person  could  become  available.   The  risk  that 
unexpected  or  unwanted  genetic  information  would  be  revealed  is 
small,  but  if  it  were  to  occur,  the  information  could  upset  the 
person,  affect  their  interpersonal  relationships,  or  cause  them 
to  lose  their  insurance. 

In  conclusion,  in  the  last  few  years  as  a  result  of  analysis 
and  research,  we  have  learned  much  more  about  how  genetic 
information  affects  people  --  personally,  within  their  families, 
with  their  employers,  and  with  their  insurers.   People  need  to 
know  about  these  consequences  before  they  decide  about  testing. 
If  they  are  to  make  informed  decisions,  people  need  to  know 
reliably  who  will  have  access  to  this  information.   Our  current 
mechanisms  for  the  protection  of  confidentiality  are  inadequate 
to  the  task,  particularly  as  we  move  toward  creation  of  more 
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extensive  collections  of  health  information  and  as  we  realize 
that  tissues  from  which  genetic  information  can  be  obtained  are 
widely  available.   And  finally,  the  impact  of  concerns  about 
access  to  insurance  on  people's  decisions  about  genetic  testing 
strengthens  the  case  for  health  care  reform  to  ensure  access  to 
adequate  health  care  for  all  Americans. 
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Mrs.  Lloyd.  Thank  you  very  much,  Dr.  Clayton. 

Dr.  Nishimi,  we  look  forward  to  hearing  from  you  now. 

Dr.  Nishimi.  Madam  Chairman,  it  is  a  pleasure  to  appear  before 
you  today.  Before  beginning  my  testimony,  I  would  like  to  thank 
you  for  myself  and  on  behalf  of  OTA  for  the  support  that  you  have 
given  OTA  over  the  years.  We  are  all  very  sad  down  at  600  Penn- 
sylvania Avenue  to  see  such  a  good  friend  of  the  agency  leave  and 
we  wish  you  well. 

Mrs.  Lloyd.  Thank  you  very  much. 

Dr.  Nishimi.  Madam  Chairman,  as  you  are  aware,  medical  tech- 
nology now  includes  genetic  tools  that  can  deliver  predictive  infor- 
mation with  increasing  accuracy.  The  ever-expanding  array  of  ge- 
netic tests  raises  important  questions  for  individuals  and  societies. 

My  written  testimony  focuses  on  an  overview  of  six  issues  that 
OTA  has  identified  in  its  reports  as  being  important  for  Congress 
to  consider:  First,  the  extent  to  which  the  United  States  will  need 
additional  genetic  specialists  as  well  as  the  need  for  all  health  care 
providers  to  have  increased  and  continuing  education  in  genetics; 
second,  quality  assurance  and  government  oversight  of  laboratories 
that  perform  tests  and  the  companies  that  develop  test  kits;  third, 
the  privacy  considerations  of  DNA  databases  in  genetic  research; 
fourth,  reproductive  issues,  including  the  issue  of  prenatal  testing 
and  abortion,  as  well  as  genetic  basic  research  such  as 
preimplantation  and  genetic  diagnosis  and  embryo  research;  fifth, 
the  issue  of  discrimination  of  people  with  genetic  illnesses  or  those 
who  have  predispositions  to  genetic  disorders  or  are  carriers  for 
conditions  the  new  tests  can  detect;  and  sixth,  genetics  education 
for  the  public. 

In  the  interest  of  time,  what  I'd  like  to  do  is  not  delve  into  these 
matters  further  but,  rather,  focus  on  the  possible  policy  mecha- 
nisms to  address  these  and  other  ethical,  legal,  and  social  issues 
that  the  human  genome  project  raises. 

Before  doing  that,  however,  I  would  like  to  mention  one  addi- 
tional issue  that  has  been  mentioned  here  today,  but  to  emphasize 
that  this  issue  nearly  engulfs  any  discussions  about  genetic  tests. 
I'm  referring,  of  course,  to  the  issue  of  access  to  health  care  and 
health  insurance  reform.  Suffice  to  say  that  access  to  genetic  tests 
and  the  services  related  to  them  are  inextricably  linked  to  the 
broad  issue  of  health  care  reform  in  the  United  States. 

Turning  now  to  the  policy  mechanisms.  Since  fiscal  year  1988 
when  the  Federal  Government  first  committed  to  funding  the 
human  genome  project,  concern  has  been  raised  about  the  mecha- 
nisms by  which  the  ethical,  legal  and  social  issues  the  project 
raises  would  be  identified  and  explored  and  then  appropriate  rem- 
edies reviewed  and  implemented.  To  address  such  considerations, 
the  National  Institutes  of  Health  and  the  Department  of  Energy 
each  funds  an  ethical,  legal,  and  social  issues  program  through  a 
set-aside  of  3  percent  to  5  percent  of  annual  appropriations  for  the 
project. 

The  ELSI  programs  operate  independently  in  the  model  of  peer 
review  competition  for  research  grant  funding.  The  ELSI  working 
group,  which  is  a  joint  NIH-DOE  effort,  advises  both  programs. 
And,  initially,  the  working  group  framed  the  agenda  and  estab- 
lished priority  research  areas.  The  nature  of  grant  programs,  how- 
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ever,  means  the  ultimate  direction  evolves  from  the  bottom  up;  that 
is,  from  the  individual  perspectives  of  researchers  pursuing  inde- 
pendent investigations  rather  than  from  the  top  down;  that  is, 
through  policymakers  or  an  overarching  Federal  body. 

No  formal  mechanism  exists  for  ELSI  funded  research  findings 
to  directly  make  their  way  back  into  the  policy  process.  Despite  the 
recommendations  of  at  least  two  successive  Congresses  that  a  com- 
mission-like mechanism  be  adopted  to  examine  and  implement  pol- 
icy guidelines  derived  from  the  ELSI  grants,  no  such  entity  has 
materialized.  In  the  past  few  months,  however,  NIH  has  moved  to 
expand  its  policy  analysis  capacity  and  so  the  current  extent  to 
which  their  policy  implementation  moves  forward  is  in  flux. 

Regardless  of  the  approach  and  the  structure  that  NIH,  DOE, 
and  the  ELSI  working  group  ultimately  adopt,  at  least  one  other 
mechanism  is  under  development  that  could  provide  the  oppor- 
tunity to  make  policy  recommendations  related  to  genome  research. 
As  has  been  mentioned,  on  August  12  of  this  year,  the  White 
House,  Office  of  Science  and  Technology  Policy  published  a  charter 
for  a  proposed  National  Bioethics  Advisory  Commission,  which  I 
will  refer  to  as  NBAC. 

NBAC,  if  constituted,  could  provide  a  high  profile  cross-agency 
forum  to  address  some  issues  pertinent  to  the  human  genome 
project.  For  example,  the  draft  charter  includes  the  direction  that 
"as  a  first  priority,  the  Commission  will  direct  its  attention  to  con- 
sideration of  issues  in  the  management  and  use  of  genetic  informa- 
tion." Such  a  study  is  only  one  of  two  directly  identified  as  NBAC 
topics.  Moreover,  NBAC  recommendations  may  carry  significant 
weight  by  virtue  of  the  position  of  the  Commission  in  the  executive 
branch  hierarchy. 

Additionally,  the  draft  charter  contains  language  that  requires 
departments  and  agencies  to  respond  to  any  NBAC  recommenda- 
tions. The  draft  NBAC  charter  states  that  "the  Commission  may 
specifically  identify  the  Federal  department,  agency,  or  other  entity 
to  which  particular  recommendations  are  directed  and  request  a  re- 
sponse from  the  Federal  department,  agency,  or  other  entity  within 
180  days  of  publication  of  such  recommendations."  In  other  words, 
should  an  agency  opt  not  to  implement  an  NBAC  recommendation, 
the  agency  must  publish  a  notice  that  details  the  reasons  it  is  not 
doing  so. 

In  our  report  on  bioethics,  OTA  found  that  such  a  forcmg  clause 
is  an  important  factor  in  the  past  effectiveness  of  bioethics  commis- 
sions. Still,  it's  important  to  keep  in  mind  that  NBAC  has  been  de- 
signed to  undertake  work  that  is  of  interest  to  multiple  agencies. 
Thus,  some  items  important  to  policy  analysis  and  the  human  ge- 
nome project  may  be  viewed  as  too  narrow  for  NBAC  to  consider; 
hence,  it  will  be  important  to  examine  the  relationship  between 
NBAC,  the  ELSI  working  group  and  NIH's  intramural  policy  analy- 
sis capacity.  Because  none  of  the  entities  is  currently  in  place,  how- 
ever, it  is  impossible  for  OTA  to  speculate  any  further  about  how 
this  landscape  will  shape  up. 

Madam  Chairman,  in  concluding,  I  note  that  what  is  important 
is  striking  a  balance  between  our  intellectual  curiosity  and  pursu- 
ing an  exciting  line  of  inquiry  against  our  obligation  to  see  that  ap- 
plications of  any  information  gained  are  ethical  and  legal. 
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No  one  can  estimate  in  common  terms  what  it  means  to  an  inHi 
vidual  to  possess  information  about  his  or  her  g^netk  status    A." 
our  knowledge  of  the  human  genome  increases,  ^what  we  d?witih 
genetic  information  will  depend  on  the  perceptions  beHeTs  andTal 
ues  of  all  Amencans.  Public  understanding  of  thfs  new  knowledge 
caption    ^"^P^^^^^^^^^  i«  ^«-^««^^  for  its  wile  and  thoughK^pff 

Sl^®  ^^PPy  to  answer  any  questions 

LThe  prepared  statement  of  Dr.  Nishimi  follows:] 
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Madam  Chairman  and  members  of  the  Committee,  it  is  a  pleasure  to  appear  before  you 
today  to  discuss  the  ethical,  legal,  and  social  implications  of  the  Human  Genome  Project.  The 
increased  availability  of  genetic  information  offers  the  promise  of  improved  diagnoses  and 
therapies  for  genetic  disorders  and  increased  understanding  of  gene-environment  interactions.  At 
the  same  time,  these  scientific  achievements  have  raised  important  ethical,  legal,  and  social 
questions  about  the  optimum  use  of  such  developments. 

Since  1981,  the  Office  of  Technology  Assessment  has  conducted  more  than  a  dozen 
assessments  related  to  advances  in  biological  research  and  human  genetics.  My  remarks  draw  on 
several  of  these  reports,  including  Biomedical  Ethics  in  U.S.  Public  Policy,  Protecting  Privacy  in 
Computerized  Medical  Information,  Cystic  Fibrosis  and  DNA  Tests:  Implications  of  Carrier 
Screening,  Genetic  Counseling  and  Cystic  Fibrosis  Carrier  Screening:  Results  of  a  Survey, 
Genetic  Tests  and  Health  Insurance:  Results  of  a  Survey,  Genetic  Witness:  Forensic  Uses  of 
DNA  Tests.  Genetic  Monitoring  and  Screening  in  the  Workplace,  and  Mapping  Our  Genes--The 
Human  Genome  Projects:  How  Big?  How  Fast?.  As  you  requested,  my  statement  first 
identifies  some  of  the  broad  societal  issues  that  have  arisen  as  result  of  oizr  rapidly  growing 
knowledge  of  the  human  genome.  It  then  reviews  possible  policy  mechanisms  to  assess  the 
impact  of  this  knowledge. 

Issues  to  Consider 

Seeking  to  learn  what  the  future  holds  is  an  enduring  human  quality.  Folk  ways  once 
enjoyed  wide  favor  in  medicine,  but  over  the  years  technology  has  increasingly  eclipsed  such 
methods  of  divination.  The  mysteries  of  biological  inheritance-first  explored  by  Austrian  monk 
Gregor  Mendel  over  a  century  ago-are  yielding  to  modem  science.  Today,  medical  technology 
includes  genetic  tools  that  can  deliver  predictive  information  with  ever-increasing  accuracy.  The 
ever-expanding  array  of  genetic  tests  raises  important  questions  for  individuals  and  society. 
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Because  compiling  a  list  of  the  entire  range  of  ethical,  legal,  and  social  implications 
raised  by  the  Human  Genome  Project  would  be  a  daimting,  if  not  impossible,  task,  my  testimony 
focuses  on  an  overview  of  six  issues  that  OTA  has  identified  in  its  reports  as  being  important  for 
Congress  to  consider.  Even  then,  this  testimony  does  not  represent  the  full  scope  of  OTA's 
analyses  of  the  potential  impact  of  knowledge  gained  from  the  Human  Genome  Project.  In 
particular,  I  will  focus  on: 

professional  capacity  and  continuing  education, 
quality  assurance  of  genetic  service  laboratories  and  genetic  tests, 
privacy  considerations  of  DNA  databases  and  genetic  research, 
reproductive  issues, 
discrimination,  and 
genetics  education  and  the  public. 
Before  briefly  addressing  these  issues,  however,  I  would  like  to  mention  one  issue  that  nearly 
engulfs  any  discussions  about  genetic  tests  and  the  ethical,  legal,  and  social  issues  they  raise.  I 
am  referring,  of  course,  to  the  issue  of  access  to  health  care  and  health  insurance  reform,  which  I 
do  not  discuss  in  any  detail  because  of  the  large  and  complex  nature  of  the  problem  and  because 
the  issues  generally  are  not  unique  to  genetics.  Suffice  to  say,  access  to  genetic  tests  and  the 
services  related  to  them  are  inextricably  linked  to  the  broad  issue  of  health  care  reform  in  the 
United  States. 

Professional  Capacity  and  Continuing  Education 

For  some  individuals,  even  considering  whether  to  undergo  genetic  screening  or  testing 
constitutes  a  potential  life  crisis  because  of  the  possible  outcomes.  Genetic  coimseling  is  an 
essential  component  of  genetic  screening  and  testing.  It  is  a  clinical  service  that  includes 
providing  an  individual  (and  sometimes  his  or  her  family)  with  information  about  heritable 
conditions  and  their  risks.  Genetic  counseling  involves  both  education  and  psychological 
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counseling  to  convey  information  about  the  ramifications  of  possible  test  outcomes,  prepare  the 
client  for  possible  positive  or  negative  analyses,  and  discuss  actual  test  results. 

Many  types  of  health  professionals  perform  genetic  counseling:  physicians,  Ph.D. 
clinical  geneticists,  master's-level  genetic  counselors,  nurses,  and  social  workers.  Genetics 
training  and  continuing  education  for  health  care  professionals  is  a  critical  policy  issue  today,  but 
looms  even  larger  for  the  future.  As  information  from  the  Human  Genome  Project  accumulates, 
the  need  for  health  care  professionals  with  adequate  knowledge  of  human  genetics  will  be 
exacerbated. 

The  adequacy  of  trained  personnel  to  handle  the  potentially  exponential  increase  in 
patients  in  need  of  genetic  counseling  is  a  matter  of  debate,  and  OTA  has  reached  no  conclusion 
about  whether  increased  numbers  of  genetic  specialists  are  necessary.  What  is  clear,  however,  is 
that  increased  genetics  education  for  all  health  care  professionals  is  desirable  and  likely  will  be 
necessary.  Yet,  Federal  support  for  genetic  services,  education,  and  training  has  declined 
precipitously.  In  our  August  1992  report.  Cystic  Fibrosis  and  DNA  Tests:  Implications  for 
Carrier  Screening,  OTA  found  that  funding  for  such  activities  under  the  Maternal  and  Child 
Health  block  grant  had  declined  76  percent  (in  real  purchasing  power)  between  1981  and  1990. 

Quality  Assurance 

Quality  assurance  of  genetic  tests  means  ensuring  the  safety  and  efficacy  of  the  tests 
themselves,  whether  they  are  performed  de  novo  in  clinical  diagnostic  laboratories  or  via  test 
kits. 

Quality  assurance  to  assess  clinical  laboratories'  performance  in  genetic  testing  remains  in 
flux.  Under  the  Clinical  Laboratory  Improvement  Amendments  of  1988  (Public  Law  100-578), 
Congress  directed  the  Health  Care  Finance  Administration  (HCFA)  to  oversee  the  estimated 
300,000  to  600,000  physician,  hospital,  and  freestanding  laboratories.  To  date,  however,  HCFA 
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has  yet  to  classify  many  genetic  tests  or  to  detail  particular  performance  standards  for  their 
conduct.  Nor  has  a  mandatory  proficiency  testing  program  for  DNA-based  analyses  been 
developed,  although  such  programs  exist  for  other  clinical  tests. 

With  respect  to  diagnostic  genetic  tests,  the  Food  and  Drug  Administration  (FDA) 
regulates  test  kits  under  its  authority  to  regulate  medical  devices.  Though  FDA  also  could 
regulate  reagents  currently  used  in  DNA-based  assays,  it  does  not  and  likely  will  not.  Facilities 
may  develop  such  reagents  into  analytical  procedures  and  then  offer  DNA-based  tests  as  clinical 
services.  This  practice  and  the  facilities  that  conduct  the  tests~but  not  the  reagents-would  be 
regulated  by  HCFA.  Because  the  development  of  DNA-based  diagnostic  kits  is  in  such  an  early 
stage  of  development,  it  is  difficult  to  assess  whether  FDA's  current  regulatory  oversight  for 
DNA-based  tests  is  adequate,  or  whether  modifications  are  necessary. 

Privacy  Considerations  of  DNA  Databases  and  Genetic  Research 

The  increased  availability  of  genetic  information  raises  several  questions  with  the  theme 
of  privacy.  And,  although  I  only  briefly  touch  on  two  areas,  I  would  like  to  emphasize  that  the 
issue  of  privacy  is  broad  ranging  and  diverse. 

The  pervasive  use  of  computer  systems  to  collect  personal  information,  including  genetic 
information,  raises  civil  liberties  issues  and  informational  privacy  concerns  on  many  levels.  For 
example,  in  the  arena  of  forensic  DNA  analysis,  at  least  34  states  have  laws  (or  legislation 
pending)  that  allow  the  law  enforcement  community  to  maintain  computer  databases  that  include 
genetic  information  (or  store  biological  samples  for  future  analysis)  on  certain  individuals.  In 
medicine,  computerization  of  health  care  information,  including  genetic  status,  offers  new 
opportunities  to  improve  and  streamline  the  health  care  delivery  system,  but  also  presents  new 
challenges  to  individual  privacy  interests  in  personal  health  data.  Since  computer  databases  that 
contain  personal,  genetic  information  will  only  increase  with  time,  the  policy  ramifications  of 
maintaining  confidentiality  and  protecting  the  privacy  rights  of  individuals  also  will  escalate. 
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The  issues  of  privacy  and  confidentiality  are  also  important  to  ongoing  and  future  genetic 
research.  One  of  the  essential  approaches  used  to  map  disease  genes  involves  the  use  of 
biological  material  from  large  numbers  of  family  members  to  trace  the  inheritance  of  a  specific 
trait.  Yet  the  very  nature  of  such  studies  can  mean  that  participants  might  learn  information 
about  other  family  members,  not  just  themselves.  Superimposing  concerns  about  privacy  on  a 
situation  where  individuals  likely  already  have  anxiety  about  their  genetic  status  presents  a 
challenge  to  researchers  and  policymakers. 

Another  area  of  genetic  research  where  privacy  questions  are—and  increasingly  will  be~ 
important  revolves  around  existing  stockpiles  of  biological  material  (e.g.,  samples  from  family 
studies  or  pathology  specimens  from  breast  cancer  patients).  The  extent  to  which  researchers 
may  use  stored  samples  for  purposes  other  than  that  for  which  informed  consent  was  originally 
obtained  is  a  matter  of  ongoing  controversy.  Balanced  against  the  possibility  that  such  samples 
can  be  key  to  new  medical  diagnoses  and  treatments  is  the  need  to  respect  the  rights  of  the 
donors. 

Reproductive  Issues 

Fundamental  to  consideration  of  the  application  of  many  genetic  tests  is  the  issue  of 
abortion.  Depending  on  the  specific  genetic  condition,  prenatal  screening  or  testing  will 
comprise  the  primary  use.  Some  tests  will  be  more  likely  than  others  to  have  prenatal 
applications,  but  as  long  as  utilization  of  these  assays  by  pregnant  women  is  possible,  some  will 
opt  for  abortion.  Thus,  the  extraordinary  friction  about  abortion  in  this  country  becomes 
inevitably  linked  with  certain  uses  of  genetic  tests. 

Furthermore,  the  social,  ethical,  and  political  tension  extend  beyond  the  use  of  tests  by 
pregnant  women  to  encompass  certain  avenues  of  basic  research.  Only  last  week,  an  NIH 
advisory  panel  issued  its  deliberations  on  the  area  of  embryo  research.  Among  the  recommended 
areas  for  restricted  federal  ftinding  for  certain  types  of  embryo  research  was  preimplantation 
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genetic  diagnosis.  The  controversy  that  surfaced  with  the  release  of  this  report  is  indicative  of 
the  type  of  contention  that  will  continue  to  surround  certain  genetic  tests  and  research  for  years  to 
come. 

Discrimination 

Stigmatization  of,  or  discrimination  against,  persons  with  certain  diseases  is  not  unique  to 
illnesses  with  genetic  origins.  Yet  as  the  number  and  scope  of  predictive  genetic  tests  increase, 
so  do  concerns  about  perceptions  of  and  behavior  toward  people  who  have  genetic  disorders  (or 
have  predispositions  or  are  carriers  for  them). 

One  of  the  most  sensitive  issues  raised  by  the  Human  Genome  Project  is  the  extent  to 
which  increased  knowledge  about  genetic  status  will  lead  to  (or  exacerbate)  discrimination  in  the 
workplace  and  access  to  health  care.  And,  much  of  the  recent  focus  in  this  area  has  centered  on 
the  Americans  With  Disabilities  Act  (ADA;  Public  Law  101-336). 

As  enacted,  the  ADA  left  open  the  question  of  whether  genetic  predisposition  to  illness  or 
carrier  status  were  covered  as  protected  classes.  Additionally,  the  ADA  is  silent  on  whether 
employers  may  discriminate—for  the  purposes  of  hiring—against  people  who  are  perceived  as 
more  likely  to  incur  extra  health  care  costs  due  to  illnesses  that  could  occur  in  their  fiiture 
children,  even  though  the  individual  does  not  have  the  genetic  condition  (i.e.,  he  or  she  is  a 
carrier).  Because  the  Equal  Employment  Opportunity  Commission  asserted  that  the  ADA  does 
not  protect  individuals  based  on  genetic  status  alone  (i.e.,  people  who  are  carriers,  have  a 
predisposition  to  a  genetic  disorder,  or  who  are  presymptomatic),  concerns  about  discrimination 
are  unlikely  to  dissipate. 

Public  Education  about  Genetics 

The  need  for  better  scientific  literacy  has  been  a  topic  of  wide  discussion  for  several 
years,  and  education  about  human  genetics  is,  in  many  respects,  no  different.  Increased  public 
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education  in  genetics  would  benefit  individuals'  perceptions  and  understanding  about  genetic  test 
results.  Public  education  can  go  a  long  way  toward  preparing  individuals  for  a  decision  on 
whether  or  when  to  seek  genetic  testing.  Moreover,  only  through  better  public  education  will 
Americans  appreciate  that  the  increased  availability  of  genetic  information  extends  beyond 
medical  implications-carrying  social  consequences,  as  well.  And  finally,  public  education  might 
also  exert  an  influence  on  the  degree  to  which  genetic  status  is  perceived  as  a  discriminatory  or 
stigmatizing  factor. 

The  value  and  importance  of  increasing  public  understanding  of  human  genetics  cannot 
be  overstated.  Yet,  public  education  programs  targeted  to  genetic  diseases  have  been  nearly 
nonexistent  since  those  established  under  the  1 976  National  Genetic  Diseases  Act  (Public  Law 
94-278)  were  phased  out  in  1981. 

Policy  Mechanisms 

Since  fiscal  year  1988,  when  Congress  and  the  executive  branch  first  made  a  commitment 
to  fiind  the  Human  Genome  Project,  concern  has  been  raised  about  the  mechanisms  by  which  the 
ethical,  legal,  and  social  issues  the  project  raises  would  be  identified  and  explored,  and  then 
appropriate  remedies  reviewed  and  implemented.  To  address  such  considerations,  the  National 
Institutes  of  Health  and  the  U.S.  Department  of  Energy  each  ftmds  an  Ethical,  Legal,  and  Social 
Issues  (ELSI)  program.  Funds  for  each  agency's  ELSI  effort  derive  from  a  set  aside  of  3  to  5 
percent  of  appropriations  for  the  fiscal  year's  genome  initiative  budget. 

The  ELSI  programs  fund  research  related  to  the  Human  Genome  Project  in  order  to 
expand  the  knowledge  base  in  the  broad  area  of  genetics  and  ethics,  law,  and  social  and  public 
policies.  The  programs  operate  independently  in  the  model  of  peer  review  competition  for  grant 
fimds.  The  ELSI  Working  group,  which  is  a  joint  NIH-DOE  effort,  advises  both  programs; 
initially,  it  framed  the  agenda  and  established  priority  research  areas. 
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Nevertheless,  the  nature  of  grant  programs  means  the  uhimate  direction  evolves  from  the 
bottom  up~i.e.,  from  the  individual  perspectives  of  researchers  pursuing  independent 
investigations-rather  than  from  the  top  down--i.e.,  through  policymakers  or  an  overarching 
federal  body.  Furthermore,  no  formal  mechanism  exists  for  ELSI-fimded  research  findings  to 
directly  make  their  way  back  into  the  policy  process.  Despite  the  recommendation  of  at  least  two 
successive  Congresses  that  the  National  Center  for  Human  Genome  Research  (NCHGR)  adopt  a 
commission-like  mechanism  with  adequate  staffing  to  examine  and  implement  guidelines  or 
recommendations  derived  from  its  ELSI  grant  portfolio,  no  such  entity  has  materialized.  In  the 
past  few  months,  however,  NCHGR  has  moved  to  expand  its  policy  analysis  capacity.  Thus,  the 
extent  to  which  any  implementation  of  ELSI  Working  Group  recommendations  moves  forward  is 
currently  in  flux. 

Regardless  of  the  approach  and  structure  that  NCHGR,  DOE,  and  the  ELSI  Working 
Group  ultimately  adopt,  at  least  one  other  mechanism  is  under  development  that  could  provide 
the  opportxmity  to  assess  the  impact  of  the  Human  Genome  Project  and  make  policy 
recommendations. 

In  part  in  response  to  the  OTA  report,  Biomedical  Ethics  in  U.S.  Public  Policy,  which 
drew  attention  to  the  important  impact  on  U.S.  public  policy  by  most  bioethics  commissions,  the 
White  House  Office  of  Science  and  Technology  Policy  (OSTP)  published  a  draft  charter  for  a 
proposed  National  Bioethics  Advisory  Commission  (NBAC)  in  the  August  12,  1994  Federal 
Register.  Additionally,  the  Department  of  Health  and  Human  Services  and  the  Department  of 
Energy  sent  letters  to  OSTP  encouraging  the  development  of  such  an  effort. 

NBAC,  if  constituted,  could  provide  a  high  profile,  cross-agency  forum  to  address  some 
issues  pertinent  to  the  Human  Genome  Project.  For  example,  the  draft  charter  includes  the 
direction  that,  "as  a  first  priority,  the  Conmiission  will  direct  its  attention  to  consideration  of 
issues  in  the  management  and  use  of  genetic  information;"  such  a  study  is  only  one  of  two 
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directly  identified  as  NBAC  topics.  Moreover,  NBAC  recommendations  may  carry  significant 
weight  by  virtue  of  the  position  the  commission  occupies  in  the  executive  hierarchy. 

Additionally,  the  draft  charter  contains  language  that  compels  departments  and  agencies 
to  respond  to  any  NBAC  recommendations.  The  draft  NBAC  charter  states  that  "[t]he 
Commission  may  specifically  identify  the  Federal  department,  agency  or  other  entity  to  which 
particular  recommendations  are  directed  and  request  a  response  from  the  Federal  department, 
agency  or  other  entity  within  180  days  of  publication  of  such  recommendations."  In  other  words, 
should  the  agency  opt  not  to  implement  an  NBAC  recommendation,  the  agency  must  publish 
public  notice  that  details  the  reasons  it  is  not  doing  so.  OTA  found  such  a  "forcing  clause"  to  be 
an  important  factor  in  the  effectiveness  of  past  bioethics  commissions. 

Still,  NBAC  clearly  is  positioned  to  undertake  work  that  is  of  policy  interest  to  multiple 
agencies;  such  an  authority  and  purpose  is  expressly  stated  in  the  draft  charter.  Thus,  some  items 
important  to  policy  analysis  and  implementation  related  to  the  Human  Genome  Project  might  be 
viewed  as  too  narrow  for  NBAC  to  undertake.  Hence,  it  will  be  important  to  examine  the 
relationship  between  NBAC,  the  ELSI  Working  Group,  and  NCHGR's  intramural  policy  analysis 
capacity.  Because  none  of  the  entities  is  in  place  in  its  likely  future  form,  however,  it  is 
impossible  to  speculate  ftjrther  about  how  this  landscape  will  shape  up. 

Of  course,  Congress  itself  could  create  a  new  bioethics  commission  that  incorporated 
some  or  all  aspects  of  NBAC,  and  Congress  could  designate  which  issues  such  a  body  could 
address.  Congress  also  could  direct  by  statute  that  NCHGR  and  DOE  adopt  certain  procedures  to 
increase  their  Human  Genome  Project-related  policy  analysis  capabilities;  previous 
recommendations  were  made  as  report  language  to  appropriations  legislation  and  via  a 
committee  report. 
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Summary 

Madam  Chairman,  as  was  my  task,  I  have  described  several  ethical,  legal  and  social 
issues  that  information  from  the  Human  Genome  Project  might  raise.  I  do  not  want  to  leave  the 
impression,  however,  that  OTA  has  not  considered  the  potential  opportunity  and  many  positive 
features  the  project  can  offer;  in  fact,  we  have  reported  on  these  facets  elsewhere.  What  is 
important  is  striking  a  balance  between  our  intellectual  curiosity  in  pursuing  an  exciting  line  of 
inquiry-one  that  will  lead  to  medically  important  applications-against  our  obligation  to  see  that 
the  applications  of  any  information  gained  are  ethical  and  legal. 

No  one  can  estimate  in  common  terms  what  it  means  to  an  individual  to  possess 
information  about  his  or  her  genetic  status.  As  our  knowledge  of  the  himian  genome  increases, 
what  we  do  with  genetic  information  will  depend  on  the  perceptions,  beliefs,  and  valiHis  of  all 
Americans.  Public  understanding  of  this  new  knowledge  and  its  implications  is  necessary  for  its 
wise  and  thoughtful  application. 

Again,  OTA  appreciates  the  invitation  to  discuss  the  important  issues  raised  at  this 
hearing,  and  I  will  be  happy  to  answer  any  questions. 
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Mrs.  Lloyd.  Thank  you  very  much,  Dr.  Nishimi.  We  appreciate 
your  testimony  as  well. 

I'm  going  to  begin  with  you  and  ask  you,  in  light  of  your  testi- 
mony, do  you  believe  that  we  should  limit  information  on  genetic 
research  to  individuals  or  their  access  to  genetic  testing?  You've  all 
discussed  it,  what  it  can  do,  what  it  can't  do. 

It  seems  to  me  at  this  stage,  we  are  looking  20  years  from  now, 
Dr.  King,  we  may — or  10  years  might  have  a  different  viewpoint. 
But  at  the  present  time,  knowing  that  there's — there's  so  much 
that  we  don't  know,  is  there  more  harm  to  be  done  and  less  good 
to  be  gained  by  releasing  this  type  of  information? 

Dr.  Nishimi.  In  our  report  on  cystic  fibrosis,  OTA  concluded  that 
it  was  important  for  people  to  be  afforded  the  opportunity  to  decide 
for  themselves,  recognizing,  of  course,  that  a  lot  of  education  would 
be  needed  for  them  to  make  informed  and  reasoned  choices. 

Mrs.  Lloyd.  But  what  I'm  referring  to,  not  all  individuals — and 
I'm  not  putting  anyone  down  because  I'm  not  sure  that  I  do — have 
the  ability  to  assimilate  and  use  this  information. 

Dr.  Nishimi.  Sure.  As  a  matter  of  record,  OTA  has  not  come  out 
in  favor  of  totally  eliminating  the — let's  see,  the  use  of  genetics,  ge- 
netic tests  and  the  information  that  they  offer,  no. 

Mrs.  Lloyd.  Dr.  Clayton,  what  is  your  response? 

Dr.  Clayton.  My  response  is  that  in  general,  I,  too,  favor  making 
genetic  information  available  with — with  clear  explanations  of 
what  the  limitations  of  its  usefulness  are.  There  is  a  long-standing 
debate  about  when  information  becomes  useful  enough  to  be  shar- 
able,  and  this  is  a  real — ^this  is  a  really  difficult  issue.  I  would  say, 
in  general,  I'm  concerned  when  we  decide  not  to  share  information, 
but  I'm  even  more  concerned  when  we  share  it  and  don't  tell  people 
what  it  means. 

Mrs.  Lloyd.  Thank  you. 

Dr.  Holtzman,  I  think  you  really  touched  on  this  in  a  beautiful 
manner  in  your  testimony  that  these  tests  are  being  abused  and 
not  used  in  some  instances. 

Dr.  Holtzman.  That's  correct.  I  think  that  your  question  is  a — 
a  very  important  one  and  one  which  ultimately  must  depend  on  the 
decision  of  the  individual  as  to  whether  he  or  she  wants  a  test.  But 
one  of  the  problems  today  is  that,  as  you  paraphrased  me,  these 
tests  are  being  abused  and  that  they  are  being  offered  to  people 
without  adequate  validation  and  by  professionals  sometimes  who 
are  inadequately  trained  to  communicate  the  risks,  as  well  as  the 
benefits,  of  the  tests. 

And  I  think  that  we  do  need  policies  that  will  assure  that  when 
tests  become  available — and  I  think  once  their  safety  and  their 
benefit  is  established,  they  should  and  will  become  available.  But 
I  think  until  we've  reached  that  point,  that  there  is  a  danger  in 
making  them  available  prematurely.  So  even  for  the  breast  cancer 
tests,  as  Dr.  King  eloquently  mentioned  that  today,  what  we  need 
is  really  still  a  research  venue  to  offer  these  tests  so  that  we  can 
learn  more  about  their  risks  as  well  as  their  benefits. 

Mrs.  Lloyd.  Do  you  feel  that  we  should  adopt  more  stricter  Fed- 
eral standards  to  limit  the  number  of  laboratories  that — or  hos- 
pitals that  might  be  involved  in  genetic  testing? 
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Dr.  HOLTZMAN.  Well,  yes,  I  do.  I  think  that,  as  I  said  in  my  testi- 
mony, in  terms  of  laboratories,  the  Clinical  Laboratory  Improve- 
ment Amendments,  which  require  laboratories  to  register  with 
HCFA  and  to  develop  proficiency  programs  or  to  participate,  par- 
ticipate in  proficiency  programs,  provides  a  very  good  framework 
for  developing  adequate  standards.  The  problem  has  been  that 
there  is  no  genetic  specialty  recognized  as  such  in  the  rules  under 
CLIA. 

CLIA  has  established  a  number  of  laboratory  specialties,  none  of 
them  genetic.  There  is  one  that  relates  to  chromosome  tests,  but 
there  really  has  been  continuing  silence  on  the  matter  of  establish- 
ing a  genetics  specialty  and  developing  proficiency  programs,  re- 
quirements for  laboratory  personnel,  for  interpretation  of  test  re- 
sults, all  of  which  HCFA  has  the  authority  to  do  under  CLIA,  but 
it  hasn't  been  done  in  the  area  of  genetics. 

Mrs.  Lloyd.  I'm  especially  concerned,  Dr.  Clayton,  when  you 
were  referring  to  the  tissue  samples  which  would  be  retained.  Do 
you  feel  that  there  is  also  a  need  to  further  restrict  the  ability  of 
releasing  this  information  or  doing  further  testing? 

Dr.  Clayton.  In  an  identifiable  form,  yes. 

Mrs.  Lloyd.  Yes. 

Dr.  Clayton.  Let  me  follow  up  on  Dr.  Holtzman's  statement,  if 
I  may. 

This  problem  of  people — of  professionals  offering  tests  without 
adequate  disclosure  of  the  implications  is  not,  however,  unique  to 
genetics.  As  a  primary  care  physician,  screening  is  what  I  do  for 
a  living,  and — that's  a — that's  a  little  more  broadly  stated  than  I 
really  mean.  But  I  think  that  physicians,  for  a  long  time,  have 
tended  to  think  that  screening  is  an  unmitigated  good  and  have 
failed  to  realize  the  larger  consequences  of  screening. 

So  I  think  that  we  would  make  a  mistake  if  we — if  we  sort  of  sin- 
gled out  genetics,  genetic  tests  for  this  kind  of  scrutiny  and  ignored 
the  other  kinds  of  testing  that  could  go  on  in  medicine. 

Mrs.  Lloyd.  Would  you  further  expand  on  that. 

Dr.  Clayton.  Okay,  I'm  going  to  expand  on  it. 

Mrs.  Lloyd.  Right. 

Dr.  Clayton.  There  was  a  recommendation  earlier  this  year  that 
all  neonates  be  screened  for  hearing  loss.  And  it  turns  out  that  the 
test  that  they  were  proposing  to  use  would  identify — one  in  1,000 
children  have  profound  hearing  loss.  And  this  test  would  identify 
about  somewhere  between  20  and  50  out  of  1,000  children  as  hav- 
ing hearing  loss  and  they  would  be  followed  up. 

So  can  you  imagine  what  it  would  mean — mean  to  have  this 
brand  new  baby,  be  told  that  your  baby  may  be  deaf.  We  can't  tell 
you  whether  your  bab/s  deaf  until  they  are  six  months  or  a  year 
old.  And  so  there  you  are,  you  have  this  brand  new  baby  and  you 
think  the  baby  may  be  deaf.  In  addition,  there  is  very  little  evi- 
dence that  diagnosing  deafness  before  the  age  of  six  months  in  fact 
improves  long-term  outcome. 

Now,  this  was  a  consensus  statement  offered  by  a  consensus 
group  at  the  NIH.  I  mean,  I  think  that  that's  just  a  mistake.  I'm 
a  pediatrician,  so  I  don't  follow  adult  medicine  very  much.  But  cer- 
tainly articles  come  out  all  the  time  about  the  utility  of  screening 
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people  with — asymptomatic  males  with  PSA  and  other  things  like 
that. 

I  think  we  need  to  take  this  whole  issue  of  screening  much  more 
seriously  and  I  think  genetics,  I  think,  fortunately  brings  it  very 
much  to  the  fore  that  we  can  consider  it.  But  we  ought  not  to  sort 
of  tar  genetic  tests  and  let  everything  else  go  off  scot-free.  I  happen 
to  know  he  wholeheartedly  agrees. 

Mrs.  Lloyd.  Dr.  King,  everybody  has  had  their  turn,  so  I  will  let 
you  wind  up  the  question. 

Dr.  King.  Thank  you. 

Those  of  us  working  in  breast  cancer  research  for  the  last  dec- 
ades have,  of  course,  had  the  privilege  of  working  with  families  in 
whom  the  disease  is  very  common,  and  I  must  say  that  the  experi- 
ence of  my  group  is  that  we  tell  the  members  of  those  families  who 
wish  to  know  everything  about  our  work  and  about  the  con- 
sequences of  that  work  for  that  particular  woman.  Obviously  we 
don't  share  information  about  relatives  with  each  other,  but  every 
woman  in  our  project  knows  everything  that  she  wants  to  know 
about  her  own  situation. 

Now,  clearly  that  kind  of  intense  friendship  that  develops  over 
20  years  of  working  together  has  to  evolve  when  tests  move  from 
a  personal  research  setting  into  a  clinical  setting.  And  with  that 
evolution  and  that  transition  in  mind,  Francis  Collins,  as  Director 
of  the  National  Center  for  Human  Genome  Research,  suggested 
some  months  ago,  that  the  NCHGR,  the  National  Cancer  Institute, 
the  National  Institute  of  Nursing  Research  and  probably  several 
others  that  I  managed  to  forget  altogether  and  fund  jointly  about 
a  dozen  research  programs  that  would  undertake  to  answer  the 
questions  that  you  have  been  asking:  How  can  we  take  this  infor- 
mation, which  is  available  now,  to  be  used  for  screening,  make  sure 
that  the  quality  of  the  technical  information  is  good,  make  sure 
that  it's  communicated  in  a  way  that  is  useful,  make  sure  that 
women  who  can — who  can  use  the  information,  given  their  own 
family  histories,  are  in  a  position  to  obtain  it,  but  that  marketing 
frenzy  doesn't — doesn't  take  over  the  field. 

And  just  a  couple  of  days  ago,  11  institutions  scattered  around 
the  country  and  representing  women's — women  with  very  different 
kinds  of  backgrounds  have  been  funded  to  undertake  these  re- 
search protocols.  So  what  I  am  looking  forward  to  is  learning  from 
my  colleagues  in  those  11  institutions  what  they  find  to  be  the 
most  effective  and  the  most  useful  ways  of  taking  the  new  scientific 
information,  the  new  genetic  information  and  either  limiting  its  use 
or  opening  its  use  in  various  contexts.  So,  as  usual,  what  we  gain 
is  collective  experience  in  the  field. 

Mrs.  Lloyd.  Any  other  comments  you  would  like  to  make  on  the 
subject?  We  mainly — Dr.  Nishimi,  I  didn't 

Dr.  HOLTZMAN.  May  I  just  make  a  comment  in  relation  to  that? 

Mrs.  Lloyd.  Yes,  sir. 

Dr.  HoLTZMAN.  I  think  one  critical  thing,  and  Mary-Claire  point- 
ed to  this,  is  that  in  the  involvement  in  determining  where  we  go 
from  here  in  genetic  testing  that  we  really  have  an  opportunity  to 
develop,  which  may  sound  surprising  but  I  think  it  is  a  new  para- 
digm in  bringing  new  technology  to  the  public,  and  that  is  the  mat- 
ter of  involving  consumers,  patients,  if  you  will,  in  developing  the 
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kind  of  information  that  they  feel,  as  well  as  physicians  feel,  should 
be  included. 

And  one  of  the  studies  under  the  Breast  Cancer  Consortium  that 
Professor  King  just  mentioned  is  being  done  by  a  colleague  of  mine 
at  Johns  Hopkins,  Gail  Greller,  where  we  intentionally  will  be  ask- 
ing consumers,  both  women  and  men,  in  the  general  population 
and  those  that  are  at  high  risk  of  breast  cancer  what  it  is  that  they 
want  to  know. 

And  this  whole  notion  of  trying  to  break  down  what  I  think  has 
been  a  barrier  in  communication  between  physicians  on  the  one 
hand  and  patients  on  the  other,  I  hope,  will  with  research — and 
clearly  this  is  not  only  our  group  who  are  doing  it — will  be  broken 
down  by  learning  more  and  involving  consumers  more  in  learning 
how  new  technology  should  be  used. 

Mrs.  Lloyd.  Well,  it  seems  to  me  at  this  stage  of  genetic  re- 
search it  is  so  important  that  what  is  done  and  your  communica- 
tions with  the  public  be  done  well  that  we — that  we  don't  do  unnec- 
essary testing,  that  we  do  communicate  to  the  public  what  this 
means  and  what  it  can  do.  We  don't  want  some  well-meaning  per- 
son to  get  on  television  and  talk  about  the  evils  of  genetic  testing. 
We  want  to  make  sure  that  what  we  do  is  right.  And  I  would  urge 
all  of  you  to  be  very  wary  of  what  a  lack  of  knowledge  can  mean 
so  many  times. 

One  of  the  things  that  we — we  discussed  is  health  insurance.  Are 
there  other  issues  that  are  resulting  from  this  project  that  people 
are  very  concerned  about,  as  well? 

Dr.  King? 

Dr.  King.  Could  I  take  this  on?  And  I  speak  here  as  a  geneticist 
and  citizen  and  not  as  a  physician.  Were  I  a  physician,  I  probably 
would  not  have  been  as  naive  as  I  were  when  this  event  occurred. 
A  young  woman  named  Jan  in  one  of  the  families  with  whom  I 
worked  in  the  1970s  became  involved  in  our  project  in  a  very  dra- 
matic way. 

Jan's  mother  was  53  when  I  first  met  her  and  her  mother  had 
survived  a  breast  cancer  first  diagnosed  at  the  age  of  36.  And  the 
mother  was  one  of  18  women  with  breast  cancer  in  this  family.  And 
the  mother  had  been  a  part  of  the  project  since  it  first  began,  and 
had,  as  we  got  closer  and  closer  to  the  gene,  a  very  interesting  ge- 
nome type.  Jan  was  at  that  time  27.  This  was  last  year. 

And  I  asked  the  mom  if  she  would  ask  Jan  if  Jan  would  give  us 
a  blood  sample  as  well — Jan  was  completely  healthy,  well,  doing 
beautifully,  just  had  her  second  child — so  that  we  could  determine 
if  this  interesting  genome  type  in  the  mother  had  been  inherited 
by  Jan.  And  Jan  said  sure,  she  would  be  happy  to.  So  she  went  to 
her  mother's  physician,  her  mother's  surgeon,  indeed,  to  have  the 
blood  drawn.  And  he  did.  That  was  terrific.  Sent  the  blood  out  to 
us,  took  the  DNA. 

Then  he  said,  while  you  are  here,  Jan,  even  though  you  are  only 
27,  given  that  you  have  18  relatives  with  breast  cancer  in  the  fam- 
ily, let  me  do  a  mammogram  for  you.  And  at  that  age,  obviously 
she  had  never  had  one  before.  But  she  has  breasts  that  are  suscep- 
tible to — to  good  mammographic  analysis,  which  many  27-year-old 
women  do  not,  but  she  does. 
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So  he  did  a  mammogram  and  picked  up  a  lesion.  He  had  not  felt 
it  on  palpation.  Once  he  knew  where  to  feel,  he  could  feel  it,  but 
it  was  small  and  her  breasts  are  large.  It  was  a  small  lesion.  Her 
immediate  reaction  was  not  either  "Oh,  my  Cjod,  I've  got  breast 
cancer,"  or,  "Thank  goodness  you  found  it  this  early,  but  I  haven't 
got  any  insurance.  I  can't  afford  the  surgery." 

So  the  reaction  of  the  surgeon,  who  is  a  remarkable  person  in 
Southern  Illinois,  was  to  organize  the  Catholic  Charities,  the  Illi- 
nois American  Cancer  Society,  the  local  hospital,  his  own  team  so 
that  they  put  together  a  package  so  that  this  one  person  could  get 
absolutely  standard  therapy  that  was  nothing  remarkable  or  exotic 
about  what  she  needed.  She  needed  a  simple — she  needed  a 
lumpectomy  followed  by  radiation. 

She  had  the  surgery.  She's  doing  beautifully  now  in  the  next 
year.  There's  no  question  about  it  but  that  she  will  do  very  well. 
My  point  is  that  it  doesn't  do  us  any  good  at  all — oh,  and  inciden- 
tally, she  did  have  the  interesting  genome  type  of  her  mother  and 
she  was  indeed  susceptible  to  developing  breast  cancer.  It  didn't  do 
us  any  good  to  do  all  the  most  lovely,  molecular  biology  one  could 
possibly  imagine  with  this  family  if  we  can't  get  standard  therapy 
to  women  who  need  it  when  their  breast  tumors  are  diagnosed.  So 
in  the  absence  of  insurance  reform  and  health  reform,  molecular 
genetics  is  essentially  meaningless. 

Mrs.  Lloyd.  That's  a  beautiful,  beautiful  story.  Any  further  com- 
ments? 

One  of  the  things  that  was — that  has  come  to  my  attention  in 
this  report  of  the  Institution  of  Medicine  that  was  funded  by  DOE 
and  NIH  genome  there  may  be  a  conflict  of  interest  on  those  in  a 
position  to  recommend  tests — I  see  you  smiling.  Dr.  Holtzman — and 
their  financial  interests  in  laboratories. 

Would  you  like  to  comment  on  potential  conflicts  of  interest  and 
how  can  we  monitor  this? 

Dr.  Holtzman.  Well,  this,  again,  is  not  an  issue  that's  unique  to 
genetics  and  has  prompted  the  American  Medical  Association  to 
publish,  I  guess,  guidelines  regarding  referrals  that  physicians  may 
make  to  their  own  laboratories  saying  that  this  has  to  be  com- 
pletely in  the  open. 

I  think  that  it's  a  very  difTicult  situation,  perhaps  more  difficult 
in  genetics  where  much  of  the  information  that  is  given — and  I'm 
referring  here  to  genetic  testing  for  reproductive  purposes,  either 
for  prenatal,  referring  a  woman  for  prenatal  diagnosis  or  for  char- 
acter testing  as  a  possible  preliminary  for  prenatal  diagnosis.  But 
this  is  an  area  in  which  the  standard  that  has  evolved  among  ge- 
neticists is  one  of  respecting  the  woman's  autonomy  and  of  not 
being  directive  in  telling  the  woman  or  making  a  recommendation 
to  the  woman  that  she  have  such  a  test. 

Now,  it  seemed  to  the  Committee  that  this  becomes  difficult  to 
do,  to  follow  that  standard  of  nondirectiveness,  when  in  fact  the  ge- 
netics counselor's  salary  may  be,  in  part,  derived  from  the  revenues 
from  the  test  itself.  That  is,  most  of  the  source  of  income  of  labora- 
tories to  pay  for  counseling  doesn't  come  from  the  counseling,  per 
se,  in  terms  of  what  the  reimbursement  level  is  but  from  the  lab- 
oratory tests. 
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So  it's  a  very  difficult  issue  that  certainly  as  of  minimum  I  think 
needs  to  be  explained,  that  sources  of  income  need  to  be  explained 
to  women.  But  I  think  there  is  an  interesting  solution  as  genetic 
tests  in  this  area,  provided  that  they  are  offered  in  a  safe  manner, 
will  make  this  less  of  a  problem.  That  is  in  this  area  of  primary 
care  physicians  who  more  and  more  are  going  to  be  offering  genetic 
tests  are  going  to  be  less  and  less  likely  to  have  such  conflicts  of 
interest. 

So  it  seemed  to  the  committee  and  seems  to  me  personally  that 
perhaps  we  don't  need  a  whole  lot  more  geneticists  and  genetic 
counselors  operating  in  separate  specialties,  but  what  we  really 
need  is — and  this  is  only  a  small  reason  to  justify  this,  more  pri- 
mary care  physicians  who  will  learn  enough  genetics  and  largely, 
because  if  you  look  at  the  standards  on  which  primary  care  should 
operate,  these  are  physicians  who  know  their  patients,  have  a  con- 
tinuing relationship  with  them  and  could  communicate  to  them 
over  a  period  of  time  the  benefits  and  risks  of  things  like  genetic 
tests  and  theoretically  could  do  it  in  a  more  autonomous  way,  with 
a  greater  respect  for  autonomy  perhaps  than  people  who've  a  vest- 
ed interest. 

Mrs.  Lloyd.  Your  colleagues  are  nodding. 

Dr.  Clayton.  Well,  my  only  thing  I'm  nodding  about,  as  a  pri- 
mary care  practitioner  in  Tennessee  who  takes  care  of  primarily — 
of  Tenn  Care  patients  who  works  in  a  capitated  care  system,  the 
problem  is  our  conflict  of  interest  is  going  to  be  in  the  other  way, 
namely  that  if  one  gets  capitated  fees,  and  you  know  that  if  you 
offer  tests,  that  comes  out  of  the  money  that  you  are  being  paid  to 
take  care  of  the  patients.  In  fact,  it  just — the  incentive  is  in  the 
other  direction.  I  do  think  that  primary  care  physicians  are  a  good 
thing.  But  I  think  that  that's  not,  unfortunately,  always  going  to 
be  the  answer. 

Mrs.  Lloyd.  Dr.  King?  Dr.  Nishimi? 

I  want  to  thank  you  for  a  very,  very  interesting  and  well-docu- 
mented presentations.  I've  never  had  a  finer  panel.  And  I  certainly 
thank  you  for  being  here.  I  do  apologize  that  we've  had  multiple 
votes  this  afternoon.  These  are  procedural  votes.  But  I  want  to  ask 
your  indulgence  and  we  will  be  submitting  questions  in  writing.  I'd 
like  for  you  to  supply  your  answers  for  the  record. 

And  I  want  to  thank  our  staff  and  Tina  Van  Sickle,  all  who've 
worked  so  hard,  Harlan,  thank  you.  Dr.  Watson,  you  have  all 
worked  very  hard.  Thank  you  very  much.  And  we  wish  you  well. 

The  subcommittee  stands  adjourned. 

[Whereupon,  at  3:31  p.m.,  the  subcommittee  was  adjourned.] 
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QUESTIONS  FROM  CHAIRMAN  LLOYD 

Question  #1:     DOE  is  utilizing  a  number  of  DOE  labs  in  the  conduct  of  the 
human  genome  project.  How  does  DOE  decide  on  the  allocation 
of  tasks  and  funding  that  goes  to  the  labs? 

Answer:         DOE  funds  human  genome  centers  at  Los  Alamos  National 

Laboratory,  Lawrence  Livermore  National  Laboratory,  and 

Lawrence  Berkeley  Laboratory,  as  well  as  individual  projects 

conducting  human  genome  research  at  these  and  five  other  DOE 

Laboratories.  Funding  for  the  three  genome  centers  was 

initially  provided  following  peer  review  of  proposals 

submitted  by  these  Laboratories.  These  proposals  focused  on 

the  multidiscipl inary  strengths  and  capabilities  that  these 

Laboratories  could  employ  to  address  the  critical  needs  of 

the  human  genome  program  in  mapping,  sequencing, 

informatics,  and  for  the  associated  development  of  needed 

technology  in  each  of  these  areas.  The  DOE  Human  Genome 

Centers  undergo  regular,  peer  review  site  visits  that  are 

used  to  evaluate  both  the  quality  of  the  science  conducted 

at  each  Center,  as  well  as  to  ensure  that  critical  genome 

program  needs  are  being  met.  Funding  decisions  for  all 

projects  at  DOE  Laboratories  that  are  not  part  of  a  Genome 

Center  are  based  on  the  scientific  peer  review  of  individual 

proposals,  as  part  of  a  panel  review.  Meritorious  proposals 

undergo  a  programmatic  evaluation  by  the  Human  GenQme 

Coordinating  Committee,  a  group  of  senior  DOE-funded 

scientists  from  universities  and  DOE  National  Laboratories 

with  expertise  in  the  various  areas  of  research  found  in  the 

genome  program,  and  the  DOE  program  staff  to  identify  those 

proposals  that  address  critical  genome  program  needs. 
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How  does  DOE  decide  on  the  amount  of  funding  that  goes  to 
universities? 


Each  year  the  DOE  Human  Genome  Program  publishes  guidelines 
for  the  submission  of  grant  applications  for  genome  research 
in  the  Federal  Register  that  outlines  the  current  research 
needs  of  the  Program.  The  announcement  also  identifies  the 
total  funds  that  are  available  for  new  research  for  each 
solicitation.  Total  funding  levels  for  research  conducted 
at  universities  are  not  predetermined.  Funding  decisions 
for  all  research  conducted  at  universities  are  based  on  the 
scientific  peer  review  of  individual  applications,  as  part 
of  a  panel  review.  Meritorious  proposals  undergo  a 
programmatic  evaluation  by  the  Human  Genome  Coordinating 
Committee  and  the  DOE  program  staff  to  identify  those 
proposals  that  address  critical  genome  program  needs. 


Is  university  participation  conditioned  on  their 
participation  in  the  multidisciplinary  efforts  conducted  at 
the  labs  and  genome  centers? 


Funding  of  genome  research  at  universities  is  not  contingent 
on  the  participation  of  individual  investigators  in  the 
multidisciplinary  efforts  conducted  at  the  DOE!  LabGiratories 
and  Genome  Centers.  However,  wnfversity  investigators  are 
encouraged  to  collaborate  with  scientists  at  DOE 
Laboratories  and  to  take  advantage  of,  or  utilize 
technologies  developed  at  DOE  Laboratories  to  benefit  their 
own  research  efforts.  Interaction  between  investigators  at 
universities  and  DOE  Laboratories  is  further  encouraged  by 
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the  conduct  of  meetings,  workshops,  and  contractor  meetings 
that  are  attended  by  all  investigators  funded  by  the  DOE 
Human  Genome  Program. 


To  what  extent  does  DOE  fund  individual  investigator 
research  at  universities  that  may  not  be  affiliated  with  the 
multidisciplinary  efforts  at  the  labs  and  genome  centers? 


Genome  research  funded  at  universities  runs  the  entire 
spectrum  from  being  tightly  linked  to  and  dependent  on 
research  at  DOE  Laboratories  and  Genome  Centers,  to 
developing  technologies  that  will  be  utilized  by  DOE 
Laboratories  and  Genome  Centers,  to  being  completely 
independent  from  research  at  DOE  Laboratories  and  Genome 
Centers.  However,  the  targeted  nature  of  the  DOE  Human 
Genome  Program  results  in  a  natural  linkage  between 
investigators  at  different  universities  and  at  DOE 
Laboratories  so  that  no  project  exists  entirely 
independently  of  any  other  project. 


What  is  the  internal  and  external  review  process  that  ties 
all  of  these  perforaiers  together  to  achieve  at  coherent 
program  to  meet  the  five  year  goals? 


Results  of  all  genome  research  are  regularly  presented  and 
discussed  at  DOE  genome  contractor  and  grantee  meetings  so 
that  all  investigators  are  exposed  to  all  ongoing  research 
in  the  Program.  The  Program,  both  ongoing  research, 
proposed  research,  and  future  research  needs,  is  also 
regularly  discussed  and  evaluated  by  the  Human  Genome 
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Coordinating  Committee,  the  genome  subcommittee  of  the 
Health  Effects  Research  Advisory  Committee,  and  by  the  DOE 
Human  Genome  Program  staff  to  maintain  and  evaluate  both  the 
focus  and  the  progress  of  the  Program. 


Is  the  process  "bottom  up"  or  "top  down"  with  respect  to 
funding  decisions? 


Funding  decisions  are  based  on  the  combination  of  scientific 
peer  review  of  research  applications  by  review  panels  and 
the  subsequent  evaluation  of  the  most  meritorious 
applications  by  the  Human  Genome  Coordinating  Committee  and 
the  DOE  program  staff  for  programmatic  relevance  and  their 
ability  to  meet  critical  research  needs.  Final  funding 
decisions  are  made  by  DOE  Human  Genome  Program  staff.  These 
reviews  and  evaluations  ensure  that  available  funds  are  used 
to  support  the  highest  quality  research  that  best  enables 
the  genome  program  to  achieve  its  stated  goals.  This 
process  could  be  characterized  as  "top  down." 
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Question  #2:     Please  explain  the  peer  review  process  that  is  used  to 

choose  proposals  for  funding.  Are  lab  proposals  reviewed 
separately?  Are  individual  investigator  proposals  reviewed 
separately? 

Answer:         The  DOE  Human  Genome  Centers  undergo  regular,  peer-review 

site  visits  that  are  used  to  evaluate  both  the  quality  of 

the  science  conducted  at  each  Center  as  well  as  to  ensure 

that  critical  genome  program  needs  are  being  met.  Funding 

decisions  for  all  projects  at  DOE  Laboratories  that  are  not 

part  of  a  Genome  Center  are  based  on  the  scientific  peer 

review  of  individual  proposals,  as  part  of  a  panel  review. 

Meritorious  proposals  undergo  a  programmatic  evaluation  by 

the  Human  Genome  Coordinating  Committee  and  the  DOE  program 

staff  to  identify  those  proposals  that  address  critical 

genome  program  needs.  Similarly,  research  applications 

submitted  by  university  investigators  in  response  to  annual 

announcements  in  the  Federal  Register  that  outline  the 

current  research  needs  of  the  Program  undergo  scientific 

peer  review,  as  part  of  a  panel  review,  and  programmatic 

evaluation  by  the  Human  Genome  Coordinating  Committee  and 

the  DOE  program  staff.   Individual  investigator  applications 

from  universities  and  DOE  Laboratories  are  reviewed 

separately  by  the  same  review  panels. 


How  are  evaluators  chosen  for  peer  review  panels? 
Reviewers  are  chosen  for  peer-review  panels  based  on  their 
scientific  expertise  in  the  areas  represented  by  the 
applications  being  reviewed.  Panelists  do  not  have  research 
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applications  being  considered  by  the  panel  of  which  they  are 
a  member.  All  panelists  are  required  to  sign  conflict  of 
interest  and  confidentiality  statements  assuring  that  they 
do  not  have  any  affiliation,  personal,  or  financial 
connection  with  the  institution  or  the  person  whose 
application  they  are  reviewing,  and  that  they  will  not 
divulge  or  use  information  from  the  application.  On 
occasions  where  potential  conflicts  of  interest  exist  for 
individual  reviewers  and  applications,  the  reviewer  will 
leave  the  room  during  the  discussion  of  the  application  in 
question. 


How  do  you  incorporate  the  goals  of  objectivity  and 
knowledge  into  the  peer  review  process? 


Objectivity  and  knowledge  are  incorporated  into  the  peer- 
review  process  through  the  use  of  independent  experts  on  the 
scientific  review  panels.  The  ability  of  individual 
research  applications  to  contribute  to  the  long-range  goals 
of  the  genome  program  is  evaluated  by  the  Human  Genome 
Coordinating  Committee  and  the  DOE  genome  program  staff.  A 
testimony  to  the  success  of  this  two-tiered  system  of 
scientific  review  and  programmatic  evaluation  is  the  fact, 
noted  in  the  press,  that  the  genome  program  is  well  ahead  of 
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schedule  for  completion  of  its  initial  five-year  goals.  A 
new  five-year  plan  was  published  in  1993,  and  recent 
progress  indicates  that  the  program  is  ahead  of  schedule  for 
these  goals  as  well . 
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Question  #3:     To  what  extent  is  DOE  encouraging  meetings,  seminars  and 
other  discussion  forums  with  the  public,  not  just  other 
decisionmakers,  to  stimulate  thoughtful  public  debate  of 
these  issues? 

Answer:         A  major  aspect  of  the  DOE  Human  Genome  Program's  Ethical, 

Legal,  and  Social  Issues  (ELSI)  Program  is  the  sponsorship 

of  a  wide  variety  of  educational  programs,  including 

meetings  and  seminars.  DOE  has  recently  sponsored  two 

highly  acclaimed  public  television  programs  on  genome 

issues.  DOE  has  also  sponsored  a  judges'  workshop  for  trial 

judges  to  receive  information  on  and  discuss  the  use  of  DNA 

evidence  in  the  courtroom.  The  genome  program  has  also 

sponsored  conferences  or  workshops  that:  (1)  considered 

discrimination  that  could  result  from  the  use  of  ger.etic 

information  about  ethnic  and  other  groups; 

(2)  considered  genetics,  religion,  and  ethics; 

(3)  provided  public  officials  and  other  nonscientists  hands- 
on  experience  with  genome-related  technologies;  and  (4) 
provided  hands-on  genome  experience  to  high  school  teachers. 
Workshops  for  policymakers  and  opinion  leaders  are  also 
sponsored. 

What  educational  materials  have  been  developed  for  the 
public  regarding  the  human  genotne  project.  What  has  been 
the  impact  of  such  outreach  and  information? 

Educational  materials  produced  with  funding  from  DOE' s  Human 

Genome  Program  have  been  far  more  successful  and  have  had  a 

greater  impact  than  could  have  been  anticipated.  By  far, 

the  most  successful  has  been  the  Primer  on  Molecular  Biology 

that  was  sent  to  every  high  school  biology  teacher  in  the 
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country.  More  than  30,000  copies  have  been  distributed  by 
DOE,  and  the  number  in  use,  given  individual  copies  made  by 
individuals  and  schools,  is  far  greater.  This  primer  is 
also  available  electronically  on-line,  and  has  been  used  to 
teach  high  school  students,  graduate  students,  and 
physicians  at  institutions  such  as  Harvard  and  Stanford. 
Additional  materials  that  have  been  or  are  being  produced 
and  distributed  include  a  judge's  desk  reference  on  the  use 
of  DNA  evidence,  a  high  school  curriculum  on  the  human 
genome  project  in  both  English  and  Spanish,  museum  exhibits, 
and  public  television  programs  on  the  human  genome  program. 
The  impact  of  these  activities  has  been  to  increase 
awareness  and  sensitivity  to  the  ethical  issues  associated 
with  the  genome  program. 
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Question  #4:     Please  provide  a  list  of  seminars,  conferences,  or  other 
technology  transfer  outreach  efforts  sponsored  by  DOE 
including  DOE  labs  or  participated  in  by  DOE  or  DOE  labs  in 
the  past  two  years. 

Answer:         Technologies  developed  for  mapping,  sequencing,  and 

informatics  as  part  of  the  human  genome  project  are  of  great 

interest  to  research  scientists  and  to  the  commercial 

sector.  As  a  result,  there  is  always  considerable  interest 

in  the  wide  range  of  specialized  and  general  conferences, 

workshops,  etc.,  that  deal  with  these  genome-related 

technologies.  During  the  past  two  years,  DOE  sponsored  at 

least  30  different  conferences,  workshops,  or  other 

activities  at  which  genome  technologies  were  discussed  and 

shared  with  national  and  international  participants  from 

universities,  DOE  Laboratories,  and  industry.  A  list  of 

these  conferences,  workshops,  and  other  activities  is  below. 

The  number  of  outreach  efforts  not  directly  sponsored  by  DOE 

in  which  the  DOE  Laboratories  have  participated  cannot  be 

estimated,  but  is  likely  to  be  far  greater  than  the  30 

referred  to  above. 

1.  Chromosome  Coordinating  Meeting  and  the  Human  Genome 
Mapping  Workshop,  November  7-10,  1993,  Kobe,  Japan. 

2.  58th  Cold  Spring  Harbor  Symposia,  June  2-9,  1993. 

3.  3rd  International  Workshop  on  Identification  of  Transcribed 
Sequences,  October  2-4,   1993,  Mew  Orleans,  Louisiana. 

4.  U.S.  Participation  in  the  XVIIth  International  Congress  of 
Genetics,  August  15-21,  1993,  Birmingham,  United  Kingdom. 

5.  Workshop  on  Sequencing  by  Hybridization, 
October  28-29,  1993. 
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6.  Genome  Sequencing  &  Analysis  Conference, 
October  23-27,  1993,  Hilton  Head,  South  Carolina. 

7.  Chromosome  14  Workshop,  June  10-12,  1993,  Toronto,  Canada. 

8.  Conference  on  DNA  damage  and  its  effects  on  DNA  structure 
and  protein  recognition,  August  1-4,  1993. 

9.  Chromosome  18  workshop,  July  19-20,  1993,  Nijmegen,  The 
Netherlands. 

10.  Chromosome  X  workshop,  April  24-27,  1994,  Heidelberg, 
Germany. 

11.  Human  Chromosome  7  workshop,  May  20-22,  1993,  Marburg, 
Germany. 

12.  E.  Coli  genome  meeting,  September  9-13,  1993,  University 
of  Wisconsin. 

13.  Chromosome  9  workshop,  April  10-12,  1994. 

14.  Chromosome  Y  workshop,  April  9-10,  1994,  Cambridge 
University,  England. 

15.  Chromosome  16  workshop,  May  8-11,  1994. 

16.  Chromosome  1  workshop,  March  25-27,  1994,  Bethesda, 
Maryland. 

17.  Contractor-Grantee  Workshop  III,  February  7-10,  1993, 
Santa  Fe,  New  Mexico. 

18.  Chromosome  14  Workshop,  September  1-3,  1994,  Oxford, 
United  Kingdom. 

19.  International  Conference  on  system  sciences  on  genome 
informatics,  Maui,  Hawaii,  January  4-7,  1994. 

20.  Conference  on  transcribed  sequences  in  the  human  genome, 
October  16-18,  1994,  Montreal,  Canada. 


145 


21.  International  conference  on  Bioinformatics  and  genome 
research,  June  1-4,  1994. 

22.  Workshop  on  process  alternatives  in  technological 
controversies,  October  6-7,  1994. 

23.  International  mouse  genome  conference, 
November  6-10,  1994,  London,  England. 

24.  E.  Col i  meeting,  November  4-8,  1994. 

25.  Chromosome  8  workshop,  September  1994,  Oxford,  United 
Kingdom. 

26.  Conference  entitled,  "First  World  Congress  in 
Computational  Medicine,  Public  Health,  and  Biotechnolgy." 

27.  Conference  on  genome  sequencing  and  analysis,  September 
17-21,  1994,  Hilton  Head,  South  Carolina. 

28.  Chromosome  7  workshop,  October  14-17,  1994,  Toronto, 
Canada. 

29.  Chromosome  3  workshop.  May  13-14,  1994,  Ann  Arbor, 
Michigan. 

30.  Contractor-Grantee  Workshop  IV,  November  13-17,  1994, 
Santa  Fe,  New  Mexico. 
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Question  #5:     The  human  genome  project  is  a  large  Federally  funded  research 
and  development  project.  With  such  discoveries  as  the 
recently  announced  breast  cancer  gene,  there  may  well  be  an 
increase  in  private  sector  funding  of  related  research.  How 
do  you  make  sure  there  is  no  duplication  with  the  private 
sector? 

Answer:         We  can  never  be  completely  sure  that  research  efforts 

sponsored  by  and  conducted  at  private  companies  are  not 

duplicating  those  sponsored  by  DOE.  However,  given  the 

enormity  of  the  overall  genome  effort,  the  substantial 

progress  made  to  date  by  the  DOE  Human  Genome  Program,  and 

the  public  availability  of  progress  and  information  generated 

in  the  DOE  Program,  it  would  not  make  sense  for  a  private 

company  to  knowingly  duplicate  ongoing  efforts  in  the  DOE 

Program.  In  addition,  the  DOE  Human  Genome  Program  office 

has  considerable,  regular  contact  with  representatives  from 

industries  that  are  involved  in  or  interested  in  genome 

information  and  technologies. 


147 


Question  #6:     A  recent  article  in  the  Wall  Street  Journal  alluded  to  a 

superchip  technology  developed  by  Argonne  National  Lab  that 
was  licensed  to  the  private  sector.  To  what  extent  is  DOE 
tracking  the  commercialization  of  sea;!encing  and  related 
commercial  offshoots  of  the  human  genome  project? 

Answer:         Since  rapid,  high  throughput  DNA  sequencing  is  a  major  goal 

of  the  human  genome  program,  DOE  tracks  industrial  " 

contributions  to  and  commercialization  of  sequencing  and 

related  technologies. 


What  can  you  tell  us  about  the  scale  and  nature  of  the 
industry  that  is  emerging?  Please  provide  the  committee  with 
a  list  of  all  private  sector  participants  in  the  DOE  human 
genome  program,  including  an  indication  of  the  nature  of  the 
relationship  to  DOE's  program,  i.e.,  contractor,  grantee, 
CRADA  participant,  part  of  a  funded  consortium,  etc.  Please 
indicate  the  dollar  value  of  the  project  including  Federal 
and  non  Federal  contributions  and  the  nature  of  the  project? 


During  the  past  several  years,  DOE  Laboratories  have  been 
involved  in  sequencing-related  CRADAs  with  at  least  three 
companies:  Lawrence  Livermore  National  Laboratory  with 
Applied  Biosystems,  Los  Alamos  National  Laboratory  with  Life 
Technologies  Inc.,  and  Brookhaven  National  Laboratory  with 
U.S.  Biochemical.  The  largest  of  these  CRADAs,  and  the  only 
one  that  is  currently  active,  is  the  two-year  Lawrence 
Livermore  National  Laboratory/Applied  Biosystems  CRADA.  In 
addition,  the  new  superchip  technology  developed  at  Argonne 
National  Laboratory  was  the  basis  for  the  formation  of  a  new 
compaf\y,   HiSeq,  that  will  maintain  ties  with  Argonne  National 
Laboratory.  The  Advanced  Technologies  Program  at  the 
National  Institute  of  Science  and  Technology  recently 
announced  $56  million  in  new  awards  for  industry-sponsored 
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development  of  DNA  diagnostic  technologies.  Six  of  the  13 
awards  that  were  given  included  DOE  genome  scientists  as 
nonindustrial  partners.  In  addition,  the  DOE  Small  Business 
Innovative  Research  (SBIR)  Program  is  currently  funding  three 
Phase  I  and  three  Phase  II  awards  (see  table  below). 


Private  Sector  Participation 
in  DOE  Human  Genome  Program 


Participant 

Appl ied  Biosystems 
(Lawrence  Livermore) 

U.S.  Biochemical 
(Brookhaven  Natl.  Lab.) 

Life  Technologies,  Inc. 
(Los  Alamos  Natl .  Lab. ) 


Value  or  Dollars 
Funding  Mechanism  Federal    Private 


CRADA 


CRADA 
(Inactive) 

CRADA 
(Inactive) 


Computational  Biosciences  SBIR,  Phase  I 


MacConnel  Research 
Molecular  Machines,  Inc. 
Affymetrix,  Inc. 
Molecular  Dynamics 
Tropix,  Inc. 


SBIR,  Phase  I 

SBIR,  Phase  I 

SBIR,  Phase  II 

SBIR,  Phase  II 

SBIR,  Phase  II 


$2.3M  $4.8M 

$  18,000  $15,000 

$3.4M  Proprietary 

$  75,000  N/A 

$  75,000  N/A 

$  75,000  N/A 

$500,000  N/A 

$500,000  N/A 

$500,000  N/A 


Industrial  interest  in  genome  information  and  technologies  is 
also  apparent  from  the  investments  being  made  in  genome 
related  industries.  Smith  Kline  Beechain  recently  invested 
$125  million  in  Human  Genome  Sciences.  Hoffman  La  Roche  has 
invested  $70  million  in  Millenium.  Bill  Gates  (of  Microsoft) 
and  a  French  consortium  have  invested  a  total  of  $20  million 
in  Darwin  Molecular.  All  major  drug  companies  are  closely 
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monitoring  progress  in  the  genome  program  to  identify 
potential  impacts  or  benefits  to  their  own  interests.  The 
recent  initiative  by  Merck  to  develop  a  publicly  available 
cDNA  sequence  database  and  the  controversy  surrounding  some 
industrial  efforts  to  patent  these  same  sequences  is  a  sign 
of  the  industrial  interest  in  and  enthusiasm  for  the  human 
genome  program,  the  information  it  is  generating,  and  the 
technologies  it  is  developing.  Multinational  companies  such 
as  Glaxo  are  also  becoming  high  profile  participants  in 
Genome  related  efforts. 


3-459  0-95-6 
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Question  #7:     Commercialization  efforts  can  be  expedited  (or  hindered)  by  a 
variety  of  policies  relating  to  patents,  licensing*  rights  in 
data,  copyright,  and  protection  of  proprietary  information 
and  trade  secrets,  among  others.  Please  describe  how  these 
policies  govern  commercialization  efforts  by  the  DOE  labs, 
university  participants,  private  sector  entities,  non 
profits,  consortia  or  other  entities  that  participate  in 
DOE'S  human  genome  program  through  grants,  contracts, 
cooperative  agreements,  CRADA's  joint  ventures  or  other 
mechanisms? 

Answer:         Legislation  has  been  passed  intended  to  facilitate  the 
transfer  of  technology  from  DOE  Laboratories  and  from 
universities  to  the  private  sector.  This  legislation 
generally  gives  the  Nonprofit-operated  Laboratories  and 
universities  first  option  to  rights  to  patent  products  and 
technologies  that  they  have  developed.  Laboratories  operated 
by  large  businesses  generally  have  similar  access  to  patent 
rights,  pursuant  to  class  patent  waivers  that  have  been 
granted.  Provisions  are  in  effect  in  Laboratory  contracts 
allowing  contractors  to  assert  and  own  copyrights  in  many 
circumstances,  to  facilitate  technology  transfer.  Generally 
technical  data  arising  from  Laboratory  research  is  publicly 
available  and  not  proprietary,  although  in  some 
circumstances,  e.g.,  CRADA's,  technical  data  can  be  protected 
from  public  dissemination  for  limited  time  periods  to  enhance 
technology  transfer  and  commercialization.  DOE  Labs  and 
universities  generally  have  active  technology  tfansfer 
programs,  including  licensing,  cooperative  research  and  other 
mechanisms  to  interface  with  industry  and  enhance 
commercialization.  Generally,  the  program  office  at  DOE  is 
not  an  active  participant  in  these  processes. 
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Please  list  the  applicable  statutory,  regulatory,  and  other 
directives  that  govern  DOE's  policies. 


Applicable  legislation  includes  35  U.S.C.  200  et  seq.;  42 
U.S.C.  5908;  15  U.S.C.  3710.   Implementing  regulations 
include  37  C.F.R.  401. 
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Question  #8:      What  advisory  group  review  has  been  conducted  to  date  to 

determine  the  efficacy  or  hindrance  of  the  commercialization 
policies  noted  above,  on  commercialization  of  results, 
products,  technologies,  methods,  etc.,  from  the  human  genome 
project? 

Answer:         No  advisory  group  reviews  have  been  conducted  on 

commercialization  policies,  but  the  successes  of  the  human 

genome  program  speak  for  themselves.  When  one  considers  the 

development  of  new  Federal  programs  like  the  Advanced 

Technologies  Program  at  the  National  Institute  of  Science  and 

Technology,  the  large-scale  investments  that  numerous 

companies  are  making  in  biotechnology,  and  the  general 

scientific  and  commercial  sector  interest  in  the  results  and 

technologies  of  the  human  genome  program,  it  is  hard  to 

imagine  a  more  successful  government  project.  The  DOE 

Ethical,  Legal,  and  Social  Issues  Program  is  currently 

funding  a  study  at  the  University  of  Michigan  Law  School  to 

study  "The  Role  of  Patents  in  Technology  Transfer  in  the 

Human  Genome  Project." 

It  would  seem  that  some  of  these  issues  could  come  under  the 
rubric  of  the  ELSI  working  group.  To  what  extent  will  the 
ELSI  group  review  such  issues? 

The  Ethical,  Legal,  and  Social  Issues  Working  Group  does  not 

have  specific  pUns  at  this  time  to  study  these 

commercialization  issues. 
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One  of  the  key  capabilities  of  the  DOE  human  genome  effort  is 
the  multidisciplinary  facilities  in  the  DOE  labs  and 
designated  genome  centers.  To  what  extent  is  NIH  using  these 
facilities  for  genome  as  well  as  other  health  related 
research  including  structural  biology,  etc.?  Is  NIH  using 
other  DOE  facilities  such  as  the  ALS,  NSLS,  etc? 

An  excellent  example  of  the  successful  interaction  between 

the  NIH  and  DOE  genome  programs  is  the  Drosophila   sequencing 

project  at  the  University  of  California  at  Berkeley.  NIH  is 

likely  to  fund  a  major,  multiyear  effort  at  UC  Berkeley  to 

sequence  the  genome  of  the  fruit  fly.  This  work  will  be 

funded  by  NIH,  but  will  be  carried  out  at  the  Lawrence 

Berkeley  Laboratory  Human  Genome  Center  using  sequencing 

technologies  developed  as  part  of  the  DOE  Human  Genome 

Program.  Another  large  scale,  highly  successful 

collaborative  effort  between  NIH  and  DOE  is  the  NIH-funded 

national  flow  cytometry  resource  at  Los  Alamos  National 

Laboratory.  This  resource  brings  advanced  flow  cytometry 

technologies  to  investigators  at  universities. 

DOE'S  primary  emphasis  in  its  structural  biology  program  is 
the  development  and  support  of  user  facilities  for  structural 
biology  research  at  facilities  such  as  the  Advanced  Light 
Source  and  the  National  Synchrotron  Light  Source.  The 
principal  users  of  these  facilities  receive  their  research 
funding  from  NIH  and  NSF.  The  extent  to  Which  non-DOE 
scientists  use  DOE  structural  biology  facilities  is 
illustrated  in  a  survey  conducted  as  part  of  the  development 
of  the  new  structural  biology  beamline  at  Argonne  National 
Laboratory's  Synchrotron  Radiation  Source,  scheduled  for 
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completion  in  1996.  This  survey  demonstrated  interest  from 
112  investigators  at  73  different  institutions  in  the  U.S. 
alone. 


Please  provide  a  list  of  the  projects,  collaboration  efforts, 
etc.,  with  NIH  and  identify  the  funding  arrangements  ("work 
for  others"  "matching")  that  is  being  used. 


NIH  and  DOE  both  provide  funds  to  a  number  of  different 
investigators  as  part  of  each  agency's  genome  and  other 
research  programs.  In  the  genome  area,  staff  members  from 
both  NIH  and  DOE  attend  scientific  reviews  and  programmatic 
discussions  that  are  part  of  each  agency's  decision-making 
processes.  Considerable  crosstalk  occurs  between  genome 
program  staff  members  at  the  two  agencies  to  ensure  that 
individual  investigators  are  not  double-funded  to  do  the  same 
work. 

Is  DOE  funding  any  projects  at  any  NIH  facilities? 

DOE  has  funded  several  investigators  at  NIH  to  conduct  genome 
research.  Currently,  DOE  is  funding  research  at  the  National 
Institute  of  Environmental  Health  Sciences,   through  an 
interagency  agreement  with  M!H,  on   the  development  and 
characterization  of  yeast  vectors  for  cloning  large  pieces  of 
DNA.  Previously,  DOE  funded  research  at  NIH,  through  an 
interagency  agreement,  to  sequence  expressed  sequences. 
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To  what  extent  is  NIH  building  comparable  facilities  or 
capabilities,  e.g.,  informatics,  supercomputers,  data 
storage,  gene  banks  and  libraries,  to  support  its  genome 
program? 


DOE  and  NIH  provide  joint  support  for  the  major  international 
Genome  Database  at  Johns  Hopkins  University  with  DOE  being 
the  lead  agency.  The  magnitude  of  information  coming  out  of 
the  human  genome  program  is  so  large,  as  discussed  in  a  1988 
National  Academy  report  on  the  genome  program,  that  there  is 
a  need  for  numerous,  specialized,  but  interlinked  databases. 
For  example,  each  DOE  Genome  Center  has  its  own  database  for 
sequence  or  map  data;  however,  their  data  is  also  submitted 
to  public  databases.  The  NIH  genome  program  does  not  support 
the  development  or  operation  of  any  large  public  databases 
with  the  exception  of  their  contribution  to  the  Genome 
Database  noted  above. 
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Question  #10:     Clearly,  other  nations  are  interested  in  human  genome 

research.  What  competitive  pressures  does  DOE  see  coming 
from  other  national  efforts? 

Answer:         The  human  genome  project  is  truly  a  ''ollaborative, 

international  effort  to  map  and  seqi.snce  the  human  genome. 

One  example  of  DOE's  support  of  this  international  effort  is 

the  Genome  Database,  funded  by  DOE  and  NIH.  The  Genome 

Database  has  worldwide  nodes  through  which  investigators 

around  the  world  are  able  to  both  input  and  access 

information  in  this  database.  There  is  no  question  that 

there  is  strong  international  interest  in  the  commercial 

aspects  of  genome-related  information  and  technology,  and 

that  there  will  be  competitive  pressures  at  the  international 

level  to  develop  genome-related  products  and  services. 


How  does  DOE  designate  areas  of  research  that  are  amenable  to 
international  collaboration  and  those  that  are  not? 


Progress  in  the  genome  program  is  driven  by  individual 
s'-ientists  and  research  centers  working  within  the  confines 
of  the  long-term  goals  of  the  genome  project.  As  a  result, 
DOE  does  not  identify  or  preclude   specific  research  areas 
that  are  or  are  not  amenable  to  international  collaboration. 
To  the  contrary,  the  extensive  effort  required  to  develop  the 
map  and  sequence  information  tallied  for  in  the  project's 
long-lenn  goals  requires  international  collaboration.  For 
example,  the  C.   elegans   genome  project  to  map  and  sequence 
the  genome  of  this  important  experimental  worm  is  a  joint 
effort  between  the  U.S.  and  the  United  Kingdom  that  will 
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generate  information  useful  in  understanding  information 
derived  from  the  human  genome  project.  The  yeast  artificial 
chromosome  map  of  the  human  genome  developed  in  France  is 
also  a  resource  used  by  genome  investigators  around  the 
world. 

How  is  DOE  participating  in  HUGO? 

The  DOE  genome  program  has  extensive  and  regular  interaction 
with  the  Human  Genome  Organization  (HUGO).  The  president  of 
the  HUGO  is  a  genome  program  grantee  and  a  member  of  the 
Human  Genome  Coordinating  Committee.  In  addition,  a  number 
of  key  DOE  genome  investigators  are  members  of  HUGO  boards. 
DOE  investigators  and  program  staff  also  attend  HUGO 
meetings. 
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Question  #11:     OTA  noted  in  "mapping  our  genes"  (page  169)  that  a  special 

patent  situation  existed  with  respect  to  LLNL  and  LANL.  How 
was  that  issue  resolved?  OTA  noted  in  the  same  report  that 
there  could  be  varying  patent  policies  for  research  at  all 
agencies  involved  in  genome  projects.  Has  this  situation 
been  resolved?  If  so  how?  If  not,  why  not? 

Answer:         While  Lawrence  Livermore  and  Los  Alamos  National  Laboratories 

have  historically  had  weapons  research  responsibilities,  the 

"restriction"  to  contractor  retention  of  inventions  noted  in 

the  OTA  report  would  not  normally  be  applicable  to  genome 

research,  since  genome  research  is  not  likely  to  be  conducted 

under  weapons  related  programs.  Therefore,  there  should  be  no 

"special  patent  situation"  at  Lawrence  Livermore  or  Los  Alamos 

National  Laboratories  on  this  issue.  While  there  may  be  some 

variation  in  patent  policies  covering  contractor-operated 

laboratories  as  compared  to  government-operated  laboratories, 

in  both  cases  technology  transfer  authorities  are  in  place  such 

that  industry  can  interact  with  both  types  of  laboratories. 
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Question  #12:     To  what  extent  does  DOE  track  collaborative  joint  ventures, 
licensing,  or  other  arrangements  between  recipients  of  DOE 
funding  and  other  foreign  entities?  To  what  extent  does  it 
exist,  and  what  guidelines  govern  its  conduct? 

Answer:         The  DOE  genome  program  office  does  not  directly  track 

international  collaborative  efforts  involving  DOE 

i.nvestigators.  As  a  complicating  factor,  it  should  also  be 

noted  that  most  large  pharmaceutical  companies  with 

collaborative  and  scientific  interests  in  genome  research  are 

multinational  companies  often  headquartered  in  the  U.S. 
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Question  #13:     Your  testimony  speaks  to  the  ability  of  this  research  to  lead 
to  better  risk  assessments.  Can  you  give  the  committee  some 
examples  of  how  the  research  contributes  to  risk  assessments 
and  how  DOE  would  use  such  information? 

Answer:         DOE  believes  that  it  is  important  and  useful  to  be  able  to 

identify  individuals  who,  because  of  their  unique  genetic 

makeup,  are  at  increased  risk  for  adverse  health  effects  from 

exposure  to  energy-related  materials.  This  capability  would, 

for  example,  enable  DOE  to  better  monitor  and  protect  its 

workers  involved  in  various  cleanup  or  production  activities; 

however,  this  capability  would  also  be  directly  exportable  to 

many  industries  and  to  society  in  general.  Information  and 

technologies  from  DOE's  Health  Effects  and  Human  Genome 

Programs  are  being  combined  to  identify  and  characterize 

specific  genes  or  groups  of  genes  that  dramatically  increase  an 

individual's  risk.  The  predictive  potential  of  this 

information  will  be  tested  in  animal  models,  which  have  only 

recently  become  available,  that  can  mimic  specific  human 

genetic  makeups.  Finally,  this  information  will  be  coupled 

with  anticipated  developments  from  the  Advanced  Technologies 

Program  at  the  National  Institute  of  Science  and  Technology 

that  will  make  large-scale,  genetic  diagnosis  both  feasible  and 

economical.  This  type  of  risk  information,  for  example,  can  be 

used  at  DOE  sites  to  provide  counseling  or  added  protection  to 

high  risk,  workers  in  potenliaU^  high  risk  positions.  This 

information  could  also  be  used  by  individuals  to  modify  their 

lifestyle,  e.g.,  they  might  choose  to  quit  smoking,  if  they 

were  identified  to  be  at  greater  health  risk  because  of  their 

genetic  makeup.  Clearly,  the  development  of  these  diagnostic 
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or  predictive  capabilities  also  raises  numerous  ethical,  legal, 
and  social  issues  that  will  continue  to  be  addressed  by  OOE's 
Ethical,  Legal,  and  Social  Issues  Program. 
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"HUMAN  GENOME-ISSUES" 

OCTOBER  4,  1994 

ADDITIONAL  QUESTIONS  FOR  THE  RECORD 


DR.  HOLTZMAN; 


WHAT  MAKES  GENETIC  TESTS  DIFFERENT  THAN  OTHER  CLINICAL 
TESTS?  HOW  MANY  GENETIC  TESTS  ARE  BEING  GIVEN  NOW  AND 
HOW  IS  THEIR  QUALITY  AND  EFFICACY  CONTROLLED  OR 
REGULATED?  TO  WHAT  EXTENT  ARE  PEOPLE  RECEIVING 
INACCURATE  INFORMATION?  IF  APPROPRIATE  REGULATIONS  ARE 
NOT  PUT  IN  PLACE  TO  ASSURE  EFHCACY  AND  ACCURACY  WHAT 
RECOURSE  DOES  AN  INDIVIDUAL  HAVE  THAT  MAY  RECEIVE 
INACCURATE  INFORMATION?  WILL  THIS  BECOME  A  CONSUMER 
FRAUD  PROBLEM  IN  THE  FUTURE  WITHOUT  BETTER  SAFEGUARDS? 

WHAT  HAS  HAPPENED  AS  A  RESULT  OF  THE  RECOMMENDATIONS 
FOR  IMPROVED  LABORATORY  QUALITY  OUTLINED  IN  THE  RECENT 
INSTITUTE  OF  MEDICINE  REPORT  "ASSESSING  GENETIC  RISKS"?  IS 
THE  HEALTH  CARE  FINANCE  ADMINISTRATION  SHOWING  ANY 
INTEREST  IN  THE  RECOMMENDATIONS  FOR  OVERSIGHT  OF  TESTING 
IN  LABORATORIES?  WHAT  ABOUT  FDA? 

HOW  WILL  AN  INDIVIDUAL  SORT  THROUGH  THE  ADVICE  OF  THE 
NUMEROUS  ASSOCIATIONS,  MEDICAL  ADVICE,  AND  MARKETING 
LITERATURE  TO  COME  TO  DECISIONS  UNDER  UNCERTAINTY?  WHAT 
IS  THE  PROPER  AND  MOST  EFFECTIVE  ROLE  FOR  GOVERNMENT  AND 
NON  GOVERNMENT  ENTITIES  IN  CONTROLLING  THE  POTENTIALLY 
UNWARRANTED  APPLICATION  OF  SUCH  TESTS? 

RECENT  REPORTS  SUGGEST  THAT  JOINT  VENTURES  ARE  BEGINNING 
TO  EMERGE  BETWEEN  U.S.  COMPANIES  AND  JAPANESE  FIRMS  TO 
CONDUCT  GENETIC  SCREENING.  ARE  SUCH  ARRANGEMENTS 
REGULATED  BY  THE  U.S.?  DOES  THIS  OFFER  THE  POTENTIAL  FOR 
ANY  PROBLEM  WITH  PREMATURE  USE  OF  SCREENING  BEFORE 
EFFICACY  IS  ASSURED? 


163 


"HUMAN  GENOME-ISSUES" 

OCTOBER  4,  1994 

ADDITIONAL  QUESTIONS  FOR  THE  RECORD 


PANEL  2  (ISSUES  OF  SCIENCE  AND  SOCIAL  IMPACT) 


•  WHAT  CAN  BE  DONE  TO  IMPROVE  THE  EFHCIENCY  AND 
PRODUCTIVITY  OF  THE  FEDERAL  CONTRIBUTION  TO  HUMAN 
GENOME  RESEARCH  AT  DOE  LABS  AND  NIH? 

•  A  SIGNinCANT  AMOUNT  OF  EFFORT  HAS  FOCUSED  ON  THE 
QUESTION  OF  ACCESS  TO  INSURANCE  IF  AN  INDIVIDUAL  HAS  A 
GENETICALLY  UNKED  DISEASE.  WITHOUT  HEALTH  REFORM.  WHO 
WILL  MAKE  THE  DECISIONS  FOR  GRANTING  INSURANCE  TO  THOSE 
INDIVIDUALS  WITH  "  PRE  EXISTING  CONDITIONS "?  STATE  INSURANCE 
COMMISSIONS? 

•  THE  OFHCE  OF  SCIENCE  AND  TECHNOLOGY  POUCY  HAS  RECENTLY 
PROPOSED  A  BIOETHICS  COMMISSION  TO  ADDRESS  A  NUMBER  OF 
ISSUES  INCLUDING  HUMAN  SUBJECT  RESEARCH  AND  GENETIC 
TESTING.  TO  WHAT  DEGREE  WOULD  SUCH  A  COMMISSION  REDUCE 
THE  NEED  FOR  THE  CURRENT  JOINT  NIH-DOE  JOINT  WORKING 
GROUP  ON  ETHICAL.  LEGAL  AND  SOCIAL  ISSUES?  WHAT  IS  THE 
APPROPRIATE  ROLE  FOR  THE  JOINT  WORKING  GROUP  IF  THE 
COMMISSION  IS  ESTABUSHED?  WHAT  IF  IT  ISN'T  ESTABUSHED? 
WHAT  DO  YOU  BEUEVE  ARE  THE  SPECIAL  STRENGTHS  AND 
LIMITATIONS  OF  THE  ELSI  WORKING  GROUP  IN  IDENTIFYING  AND 
ADDRESSING  EMERGING  POUCY  ISSUES  RESULTING  FROM  HUMAN 
GENOME  RESEARCH'? 

•  A  RECENT  REPORT  OF  THE  INSTITUTE  OF  MEDICINE  FUNDED  BY 
DOE  AND  NIH  NOTED  THAT  THERE  MAY  ARISE  A  CONFUCT  OF 
INTEREST  ON  THE  PART  OF  THOSE  WHO  ARE  IN  A  POSITION  TO 
RECOMMEND  GENETIC  TESTS  BECAUSE  THEY  MAY  HAVE  A 
FINANCIAL  INTEREST  IN  LABORATORIES  OR  COMPANIES  THAT 
PROVIDE  TESTING.  WHAT  IS  THE  BEST  WAY  TO  DEAL  WITH  THIS 
SITUATION? 

•  FUNDING  FOR  THE  ETHICAL,  LEGAL  AND  SOCIAL  ISSUES  PROGRAM 
IS  ABOUT  3  PERCENT  OF  THE  DOE  RESEARCH  PROGRAM  AND  5 
PERCENT  OF  THE  NIH  RESEARCH  PROGRAM.  IS  THERE  A  RATIONALE 
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FOR  CALCULATING  HOW  MUCH  FUNDING  SHOULD  BE  DEVOTED  TO 
THESE  ISSUES?  IS  3  TO  5  PERCENT  ENOUGH? 

THE  EXTENSIVE  MEDIA  ATTENTION  ON  THE  IMPORTANT  GENETIC 
DISCOVERIES  MAY  LEAD  TO  AN  IMPRESSION  BY  THE  PUBUC.  THAT 
NOT  ONLY  DISEASE,  BUT  MANY  BEHAVIORS  CAN  BE  EXPLAINED  BY 
GENETIC  MAKE-UP.  WHAT  ARE  THE  STEPS  THAT  NEED  TO  BE  TAKEN 
NOW  TO  ASSURE  THAT  WE  DONT  OVERSELL  THE  RESEARCH 
HNDINGS  THAT  COULD  LEAD  TO  A  SIMPUSTIC  CONCEPTION  OF 
GENETIC  DETERMINISM? 
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"HUMAN  GENOME — ISSUES" 

OCTOBER  4,  19  94 

ADDITIONAL  QUESTIONS  FOR  THE  RECORD 

Questions  for  Dr.  Holtzman 

1.   Genetic  tests  differ  from  most  other  medical  tests  in  that 
they  can  be  offered  to  people  who  are  healthy  in  order  to  predict 
risk  of  future  disease  in  themselves  or  their  offspring. 
Particularly  for  complex  diseases  for  which  there  are  genetic 
predispositions,  they  will  not  be  able  to  predict  everyone  who  is 
going  to  get  the  diseases.    Moreover,  some  people  who  have 
positive  test  results  for  such  diseases,  will  never  become  ill 
with  these  diseases. 

Several  genetic  tests  are  a  part  of  routine  care.   These  include 
prenatal  screening  for  neural  tube  defects  and  Down  syndrome; 
carrier  testing  in  high  risk  ethnic  groups  for  Tay-Sachs,  sickle 
cell  anemia  and  thalassemia;  neonatal  screening  for 
phenylketonuria,  sickle  cell  anemia,  congenital  hypothyroidism 
(not  always  genetic),  and  other  rare  single-gene  disorders.   At 
the  present  time,  there  are  genetic  tests  for  several  hundred, 
rare,  single-gene  diseases. 

A  few  states,  notably  California  and  New  York,  have  fairly 
stringent  regulations  for  assuring  the  quality  of  genetic  tests. 
As  I  indicated  in  my  testimony,  the  Health  Care  Financing 
Administration  has  the  authority  under  the  Clinical  Laboratory 
Improvement  Amendments  of  1988  to  regulate  the  quality  of 
laboratories  offering  genetic  tests.   HCFA  has  not  yet  enforced 
the  Amendments  as  they  pertain  to  genetic  tests  with  the  possible 
exception  of  cytogenetic  tests. 

No  systematic  attempt  has  been  made  to  ascertain  the  accuracy  of 
information  people  are  receiving.   Proficiency  studies  for 
certain  genetic  tests,  indicate  that  laboratories  do  make 
mistakes.   Studies  of  newborn  screening  about  10  years  ago  show 
that  errors  are  made  in  the  handling  of  specimens,  laboratory 
analyses,  and  communication  of  the  results.   Qualitative  studies 
of  prenatal  genetic  testing  indicate  that  some  women  have  an 
inadequate  understanding  of  the  tests  or  their  implications.    An 
individual  who  receives  inaccurate  information  and  who  suffers 
harm,  or  whose  child  suffers  harm,  as  a  result  has  recourse  to 
the  courts.   I  cannot  say  whether  this  will. become  a  consumer 
fraud  problem,  but  as  the  number  of  genetic  tests  increases,  the 
number  of  mistakes  will  also  increase  unless  policies  governing 
laboratory  quality  are  improved. 

2.   Largely  as  a  result  of  the   recommendations  for  improved 
laboratory  quality  in  the  Institute  of  Medicine's  report 
"Assessing  Genetic  Risks",  the  Working  Group  for  Ethical,  Legal, 
and  Social  Implications  (ELSI)  of  the  Human  Genome  Project  has 
initiated  a  Task  Force  on  Genetic  Testing  that  will  bring 
together  biotechnology  and  insurance  industry  representatives 
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Holtzman,  page  2 

with  professional,  consumer  and  government  representatives  to 
explore  the  adequacy  of  policies  for  the  development  and  delivery 
of  safe  and  effective  genetic  tests  and  for  assuring  the  quality 
of  laboratories  providing  those  tests.   Where  needed,  the  Task 
Force  will  make  specific  recommendations  for  improving  policies. 
Both  FDA  and  HCFA  have  acknowledged  the  need  for  such  a  Task 
Force  and  will  send  representatives  to  the  Task  Force. 

3.  If  companies  marketing  genetic  tests,  and  commercial  and 
other  laboratories  providing  tests  agreed  to,  or  had  to  comply 
with,  criteria  for  offering  genetic  tests  to  the  public, 
individuals  would  have  much  less  "sorting  through"  to  do.   It 
would  be  appropriate,  for  instance,  to  assure  that  information  on 
the  sensitivity  and  positive  predictive  value  of  genetic  tests, 
and  on  the  implications  of  positive  and  negative  results,  be 
provided  to  anyone  offered  genetic  testing.   Until  it  is  clear 
that  most  people  understand  the  nature  and  implications  of 
genetic  tests,  the  knowledge  of  key  aspects  could  be  ascertained 
as  part  of  the  informed  consent  process.   By  bringing  government 
agencies  and  non-government  organizations  together,  the  Task 
Force  on  Genetic  Testing  hopes  to  reduce  the  unwarranted 
application  of  genetic  tests. 

4.  I  do  not  have  the  expertise  to  deal  with  the  implications  of 
international  agreements  on  genetic  testing  in  the  United  States. 
It  does  seem  to  me  that  the  United  States  should  retain  full 
sovereignty  to  assure  that  tests  offered  in  the  U.S.  are  safe  and 
effective  and  meet  American  standards  when  our  standards  are  more 
stringent  than  those  in  other  countries. 

Panel  2  (Issues  of  Science  and  Social  Impact) 

1.  I  am  not  qualified  to  comment  on  improving  the  efficiency  and 
productivity  of  the  federal  contribution  to  human  genome  research 
at  DOE  labs  and  NIH. 

2.  Except  for  self-insured  companies,  states  regulate  insurance 
companies.   I  do  not  know,  however,  whether  state  commissions 
could  rule  on  coverage  for  pre-existing  conditions;  it  might 
require  state  legislation.   Under  ERISA,  self-insured  employers 
are  exempt  from  state  regulation.   A  federal  law  could  either 
return  authority  to  the  states  or  prohibit  exclusion  from 
coverage  for  pre-existing  conditipns.    On  a  related  matter,  the 
Americans  with  Disabilities  Act  does  not  (i)  specifically 
designate  genetic  predispositions  as  protected  under  the  Act; 
(ii)  prohibit  employers  from  excluding  genetic  (or  other 
conditions)  from  health  care  benefits.   Both  of  these  defects 
should  be  rectified. 

3.  The  breadth  of  issues  that  should  be  addressed  by  a  bioethics 
commission  would,  I  believe  preclude  it  from  examining  the 
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ethical,  legal,  and  social  implications  of  the  human  genome 
project  in  the  depth  that  the  ELSI  Working  Group  has  so  far 
succeeded  in  doing.   I  doubt,  moreover,  that  such  a  commission 
would  have  much  interest  in  addressing  the  laboratory 
deficiencies  that  the  Committee  questioned  me  about  and  that  the 
ELSI  working  group  is  addressing.   The  ELSI  Working  Group  has 
been  able  to  draw  together  biological,  social,  and  behavioral 
scientists,  philosophers,  policy  makers,  and  consumers  to  address 
important  issues.   Its  special  relationship  both  to  NIH  and  DOE 
granting  agencies  has  helped  integrate  concerns  of  the  Working 
Group  into  the  grant  priorities  of  both  agencies.   The  Working 
roup  has  avoided  partisan  political  infighting  that  might  weaken 
the  effectiveness  of  a  high-level  commission. 

4.  I  commented  on  conflict  of  interest  in  response  to  Chairman 
Lloyd's  question.   The  ideal  solution  would  be  to  prohibit 
genetic  counselors  from  having  a  financial  interest  in  a  person 
having  a  genetic  test.    As  an  important  salary  source  for 
genetic  counselors  today  is  the  revenue  from  testing,  this  would 
be  difficult  to  accomplish.   Greater  reimbursement  for  counseling 
per  se  could  rectify  the  situation.   Alternatively,  a  disclosure 
of  the  potential  conflict  could  be  part  of  the  informed  consent 
process  when  a  person  decides  to  have  a  genetic  test. 

5.  I  do  not  know  whether  3  to  5  percent  is  enough.   NIH  and  DOE 
should  be  asked  to  describe  the  grants  that  have  been  approved 
but  never  funded  and  indicate  whether  they  believe  that 
meritorious  work  is,  consequently,  not  being  done. 

6.  I  am  greatly  concerned  that  the  media's  reporting  greatly 
exaggerates  the  role  of  genes  in  disease.   Part  of  the  problem  is 
the  media's  inability  to  filter  the  claims  of  the  scientists  (and 
their  university's  public  affairs  offices)  who  report  the 
discoveries.   But  even  when  presented  objectively,  the  media 
often  exaggerates.   I  have  proposed  that  the  NCHGR  identify  a 
group  of  scientists  and  people  who  are  conversant  with  the 
ethical,  legal,  and  social  implications  of  genetic  research  and 
who  would  agree  to  be  available  to  respond  to  reporters  queries 
when  new  discoveries  are  made.   An  NIH-DOE  sponsored  conference' 
for  scientists  and  science  writers  whose  goal  would  be  to  develop 
checklist  of  questions  that  should  be  asked  when  gene  discoveries 
are  reported  might  be  helpful.   Improving  the  knowledge  of  the 
public  about  genetics  and  genetic  testing  would  not  only  improve 
the  quality  of  reporting  but  make  the  public  more  aware  of  the 
benefits  and  the  limitations  of  new  discoveries. 
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November  28,  1994 


Ms.  Patti  Hartle 

Subcommittee  on  Energy 

H2-390  Ford  House  Office  Building 

Washington,  DC   20515 

Dear  Ms .  Hartle, 

I  am  enclosing  my  responses  to  the  questions  as  well  as  the 
proofread  version  of  my  testimony. 

Please  let  me  know  if  there  is  anything  else  you  would  like 
for  me  to  do. 


Sincerely  yours, 

Ellen  Wright    Clityton,    MI>/  JD 
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"HUMAN  GENOME-ISSUES" 

OCTOBER  4,  1994 

ADDITIONAL  QUESTIONS  FOR  THE  RECORD 


DR.  CLAYTON; 


YOUR  TESTIMONY  TALKS  ABOUT  THE  NEED  TO  RETAIN 
CONFIDENTIALITY  OF  GENETIC  INFORMATION  TO  PROTECT  ACCESS 
TO  HEALTH  INSURANCE.  HOW  SIGNIFICANT  A  CONCERN  IS  THIS? 
HOW  MANY  INSURERS  ARE  ACTUALLY  DENYING  INSURANCE  ON 
THE  BASIS  OF  GENETIC  INFORMATION?  IS  THERE  COLLECTED 
STATISTICS  AVAILABLE  ON  THIS  ISSUE  OR  ARE  THE  CASES  COMING 
TO  LIGHT  IN  AN  AD  HOC  BASIS.  IS  THERE  A  NEED  TO  SET  UP  BETTER 
MONITORING? 

YOUR  TESTIMONY  REFERS  TO  THE  POTENTIAL  SOURCES  OF  GENETIC 
INFORMATION  IN  STORED  TISSUE  SAMPLES  CURRENTLY  LOCATED 
AT  HOSPITAL  LABS.  ARE  HOSPITAL  LABS  THE  PRIMARY  LOCATIONS 
OR  ARE  THERE  OTHER  STORAGE  LOCATIONS?  TO  WHAT  DEGREE 
ARE  THESE  REPOSITORIES  CURRENTLY  BEING  ACCESSED,  AND  HOW 
IS  ACCESS  TO  THESE  DATA  SOURCES  CONDUCTED  AND 
CONTROLLED? 

THE  COMMITTEE  HAS  RAISED  CONCERNS  IN  THE  PAST  ABOUT  THE 
DEGREE  OF  PROTECTION  FOR  INDIVIDUALS  WHEN  THEY  (OR  DATA 
ABOUT  THEM)  IS  USED  FOR  HUMAN  SUBJECT  RESEARCH.  CAN  YOU 
COMMENT  ON  THE  APPUCABILITY  OR  EFHCACY  OF  THE  CURRENT 
HUMAN  SUBJECT  RESEARCH  GUIDELINES  TO  ADEQUATELY  PROTECT 
INDIVIDUALS  FROM  UNWARRANTED  INVASION  OF  PRIVACY  OR 
ACTION  WITHOUT  INFORMED  CONSENT 
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"HUMAN  GENOME-ISSUES" 

OCTOBER  4,  1994 

ADDITIONAL  QUESTIONS  FOR  THE  RECORD 


PANEL  2  (ISSUES  OF  SCIENCE  AND  SOCIAL  IMPACT) 


•  WHAT  CAN  BE  DONE  TO  IMPROVE  THE  EFHCIENCY  AND 
PRODUCTIVITY  OF  THE  FEDERAL  CONTRIBUTION  TO  HUMAN 
GENOME  RESEARCH  AT  DOE  LABS  AND  NIH? 

•  A  SIGNIFICANT  AMOUNT  OF  EFFORT  HAS  FOCUSED  ON  THE 
QUESTION  OF  ACCESS  TO  INSURANCE  IF  AN  INDIVIDUAL  HAS  A 
GENETICALLY  LINKED  DISEASE.  WITHOUT  HEALTH  REFORM,  WHO 
WILL  MAKE  THE  DECISIONS  FOR  GRANTING  INSURANCE  TO  THOSE 
INDIVIDUALS  WITH  "PRE  EXISTING  CONDITIONS"?  STATE  INSURANCE 
COMMISSIONS? 

•  THE  OFFICE  OF  SCIENCE  AND  TECHNOLOGY  POUCY  HAS  RECENTLY 
PROPOSED  A  BIOETHICS  COMMISSION  TO  ADDRESS  A  NUMBER  OF 
ISSUES  INCLUDING  HUMAN  SUBJECT  RESEARCH  AND  GENETIC 
TESTING.  TO  WHAT  DEGREE  WOULD  SUCH  A  COMMISSION  REDUCE 
THE  NEED  FOR  THE  CURRENT  JOINT  NIH-DOE  JOINT  WORKING 
GROUP  ON  ETHICAL,  LEGAL  AND  SOCIAL  ISSUES?  WHAT  IS  THE 
APPROPRIATE  ROLE  FOR  THE  JOINT  WORKING  GROUP  IF  THE 
COMMISSION  IS  ESTABLISHED?  WHAT  IF  IT  ISN'T  ESTABLISHED? 
WHAT  DO  YOU  BEUEVE  ARE  THE  SPECIAL  STRENGTHS  AND 
LIMITATIONS  OF  THE  ELSI  WORKING  GROUP  IN  IDENTIFYING  AND 
ADDRESSING  EMERGING  POLICY  ISSUES  RESULTING  FROM  HUMAN 
GENOME  RESEARCH? 

•  A  RECENT  REPORT  OF  THE  INSTITUTE  OF  MEDICINE  FUNDED  BY 
DOE  AND  NIH  NOTED  THAT  THERE  MAY  ARISE  A  CONFUCT  OF 
INTEREST  ON  THE  PART  OF  THOSE  WHO  ARE  IN  A  POSITION  TO 
RECOMMEND  GENETIC  TESTS  BECAUSE  THEY  MAY  HAVE  A 
FINANCIAL  INTEREST  IN  LABORATORIES  OR  COMPANIES  THAT 
PROVIDE  TESTING.  WHAT  IS  THE  BEST  WAY  TO  DEAL  WITH  THIS 
SITUATION? 

•  FUNDING  FOR  THE  ETHICAL,  LEGAL  AND  SOCIAL  ISSUES  PROGRAM 
IS  ABOUT  3  PERCENT  OF  THE  DOE  RESEARCH  PROGRAM  AND  5 
PERCENT  OF  THE  NIH  RESEARCH  PROGRAM.  IS  THERE  A  RATIONALE 
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HUMAN  GENOME  --  ISSUES 

U.S.  House  of  Representatives 

Committee  on  Science,  Space,  and  Technology 

Responses  of  Ellen  Wright  Clayton 

Questions  directed  to  Dr.  Clayton 

I.  In  response  to  your  questions  about  insurance,  I  would 
direct  the  committee  to  the  Report  of  the  Task  Force  on  Genetic 
Information  and  Insurance,  entitled  Genetic  Information  and 
Health  Insurance.   In  brief,  it  is  very  difficult  to  get  an 
accurate  picture  of  the  impact  of  genetic  information  on  access 
to  health  insurance,  in  part  because  of  the  highly  fragmented 
nature  of  this  market  and  in  part  because  of  the  difficulty  of 
ascertaining  the  degree  and  impact  of  "job  lock"  that  can  result 
from  problems  with  health  insurance.   There  is  need  for  more 
aggressive  monitoring.   Clearly,  health  insurance  is  denied  or 
made  more  expensive  if  one  has  a  family  history  of  early  onset 
breast  cancer  or  cardiovascular  disease,  both  of  which  can  have 
significant  genetic  components.   Having  a  mutation  in  BRCAl  would 
probably  make  it  impossible  to  get  health  insurance  in  the 
private  market.   It  is  less  clear  how  frequently  being  a  carrier 
for  a  recessive  disorder  which  can  affect  the  health  only  of 
one's  children  has  an  adverse  impact  on  access  to  health 
insurance,  but  some  people  have  experienced  exclusion. 

II.  Tissue  samples  are  stored  in  hospital  laboratories  as  well 
as  many  other  locations.   State  laboratories  keep  newborn 
screening  blood  spots  for  varying  lengths  of  time.   In  addition, 
some  tissue  samples  are  kept  in  special  repositories.   There  is 
no  uniformity  either  in  degree  of  access  or  control.   A  recent 
survey  of  directors  of  state  newborn  screening  labs  revealed 
widely  varying  policies  with  regard  to  access,  including  in  some 
instances  relatively  free  access  without  formal  review  or  consent 
of  the  parents.   A  recent  conference  held  by  the  National  Cancer 
Institute  which  was  attended  by  directors  of  many  tissue 
repositories  also  demonstrated  widely  varying  policies. 

III.  I  believe  that  the  current  regulations,  if  appropriately 
applied,  largely  provide  adequate  protection  for  the  interests  of 
individuals.   The  only  two  revisions  that  I  might  make  in  the 
regulations  are  1)  requiring  explicitly  that  psychosocial  harms 
be  taken  into  account,  and  2)  broadening  the  shield  of 
confidentiality  that  institutions  and  investigators  can  extend  to 
individuals.   My  main  concern,  however,  is  that  the  current 
regulations  are  not  being  appropriately  applied. 

Questions  directed  to  Panel  2 

I.  I  have  no  opinion  on  this  issue. 

II.  State  insurance  commissions  regulate  far  less  than  half  of 
all  health  insurance  in  this  country.   The  overwhelming  majority 
of  employees  receive  health  insurance  from  their  employers  who 
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self-insure  and  so  are  subject  only  to  ERISA  which  provides 
wholly  inadequate  protection.   At  the  moment,  it  appears  that  the 
most  important  body  of  law  limiting  exclusion  for  pre-existing 
conditions  is  the  Americans  with  Disabilities  Act  although  its 
protection,  too,  is  incomplete.   There  is  need  for  sweeping 
change  in  this  area.   Mark  Rothstein  at  the  University  of 
Houston,  among  others,  has  written  extensively  on  this  issue. 

III.  It  is  entirely  unclear  how  these  two  bodies  would  relate  to 
each  other.   There  should  be  room  and  need  for  both,  in  that  the 
issues  raised  by  genetics  can  profitably  be  considered  both  in 
the  larger  frame  that  might  be  the  purview  of  the  proposed 
bioethics  commission  as  well  as  in  a  more  focused  manner  that 
would  be  the  purview  of  the  Working  Group.   I  have  not  worked 
closely  enough  with  the  Working  Group  to  have  an  informed  opinion 
about  its  strengths  and  weaknesses. 

IV.  This  issue  does  not  differ  in  any  important  way  from  the 
issues  of  self -referral  that  Congress  has  already  been  addressing 
for  some  time. 

V.  There  is  no  objective  way  to  determine  how  many  resources 
ought  to  be  devoted  to  studying  the  ethical,  I^gal,  and  social 
issues  raised  by  genetics  or  indeed  any  other  area  of  medicine. 
It  is,  however,  desirable  to  devote  more  federal  resources  to 
these  considerations  both  because  it  is  becoming  increasingly 
clear  how  important  and  pervasive  these  issues  are  and  because 
the  recent  changes  in  the  health  care  environment  have  made 
medical  schools  increasingly  unwilling  to  support  individuals  who 
engage  in  these  analyses. 

VI.  The  only  responses  to  genetic  determinism  are  continual 
reminders  that  human  characteristics  are  the  results  of 
interactions  between  their  genetic  makeup  and  their  environments, 
that  the  presence  of  a  certain  genetic  makeup  does  not 
necessarily  that  there  is  no  possibility  for  assistance,  and  that 
we  as  a  society  have  responsibilities  to  all  our  members 
regardless  of  our  genetic  differences. 
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HOUSE  SCIENCE,  SPACE  AND  TECHNOLOGY  COMMITTEE 
SUBCOMMITTEE  ON  ENERGY 

OCTOBER  4,  1994 

ADDITIONAL  QUESTIONS  FOR  THE  RECORD 

Robyn  Y.  Nishimi,  Ph.D. 

Senior  Associate 

Office  of  Technology  Assessment 


YOUR  TESTIMONY  NOTES  THAT  INCREASED  GENETICS  EDUCATION  FOR  ALL 
HEALTH  CARE  PROFESSIONALS  IS  DESIRABLE  AND  WILL  BE  NECESSARY    WHAT 
ARE  THE  VARIOUS  ROLES  THAT  FEDERAL,  STATE  AND  LOCAL  ENTITIES  CAN 
PLAY  TO  ACHIEVE  THIS  EDUCATIONAL  OBJECTIVE? 

The  federal  government  provides  financial  support  for  education  and  training  of  certain 
health  personnel  through  Title  VII  and  Title  VIII  of  the  Public  Health  Service  Act.  Title 
VII  provides  education  support  to  the  fields  of  medicine,  osteopathy,  dentistry,  veterinary 
medicine,  optometry,  podiatry,  public  health,  and  graduate  programs  in  health 
administration.  It  does  so  through  grants  and  contracts  to  institutions,  and  through  loans 
to  individuals.  Title  VIII  focuses  primarily  on  advanced  training  of  nurses    The  Maternal 
and  Child  Health  (MCH)  block  grant  also  supports  some  genetics-related  training  and 
education. 

Legislation  could  be  enacted  that  amends  Title  VII  or  Title  VIII  to  include  master's-level 
genetic  counseling  programs.  The  federal  government  could  also  encourage  increased 
genetics  education  for  the  other  health  professions  encompassed  by  these  titles.  Grantees 
and  contractors  that  receive  Title  VII  or  Title  VIII  fiands,  for  example,  might  be  required 
to  increase  genetics-related  curriculum  for  all  health  professionals    With  respect  to  the 
MCH  block  grant.  Congress  could  stipulate  that  states  receiving  MCH  funds  earmark  a 
designated  level  of  state  funds  to  genetics  education,  training,  or  both. 

For  genetics  education  for  professionals  already  practicing.  Congress  could  encourage  that 
the  Ethical,  Legal,  and  Social  Issues  (ELSI)  programs  of  the  National  Institutes  of  Health 
(NIH)  and  the  Department  of  Energy  (DoE)  increase  the  proportion  of  grants  devoted  to 
continuing  genetics  education  of  health  care  professionals.  Similady,  Congress  could 
direct  that  professional  training  and  continuing  education  be  emphasized  under  the  MCH 
block  grant 

State  and  local  entities  could  facilitate  genetics  education  of  heahh  professionals  by 
devoting  state  or  local  resources  to  this  purpose.  A  state  also  could  opt  to  allot  a  greater 
share  of  its  MCH  block  grant  for  genetics  education  and  training. 

YOUR  TESTIMONY  NOTES  THAT  ONE  OF  THE  MOST  SENSITIVE  ISSUES  IS 
EMPLOYMENT  AND  POSSIBLE  DISCRIMINATION  IN  THE  WORKPLACE.  DO  WE 
HAVE  AN  ADEQUATE  POLICY  MECHANISM  IN  PLACE  TO  ADDRESS  THESE  ISSUES':' 
WHAT  ROLE  WOULD  THE  PROPOSED  NATIONAL  BIOETHICS  COMMISSION  PLAY 
IN  RESOLVING  THESE  ISSUES? 

Recent  concern  about  genetic  discrimination  has  focused  on  the  applicability  of  the 
Americans  With  Disabilities  Act  (ADA)  to  genetic  disorders  and  genetic  predispositions. 
As  enacted,  the  ADA  left  open  the  question  of  whether  genetic  predisposition  to  illness  or 
carrier  status  were  covered  as  protected  classes.  In  its  final  rule,  the  Equal  Employment 
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Opportunity  Commission  (EEOC)  rejected  the  premise  that  genetic  predisposition  or 
carrier  status  are  covered  under  the  ADA  for  employment  purposes.  Because  some 
debate  exists  as  to  the  intent  of  Congress  in  this  area.  Congress  could  revisit  the  issue  to 
clarify  its  intentions  with  respect  to  genetic  and  disability  discrimination  under  the  ADA 

Additionally,  the  ADA  is  silent  on  whether  employers  may  discriminate-for  the  purposes 
of  hiring-against  individuals  who  are  perceived  as  more  likely  to  incur  extra  costs  (e.g., 
CF  carriers)  due  to  illnesses  that  could  occur  in  their  future  children.  A  1989  OTA  survey 
of  Fortune  500  companies  and  companies  with  1,000  or  more  employees  revealed  that  9 
percent  of  employers  surveyed  account  for  dependents'  potential  expenses  when 
considering  an  individual's  job  application.  If  Congress  determines  the  potential  health 
insurance  costs  of  an  applicant's  dependent  should  not  be  considered  in  hiring  decisions,  it 
could  signal  its  intent  through  legislation. 

The  OTA  reports  Genetic  Monitoring  and  Screening  in  the  Workplace  and  Cystic 
Fibrosis  andDNA  Tests:  Implications  of  Carrier  Screening  discuss  these  issues  in 
greater  detail. 

Regarding  the  role  of  the  proposed  National  Bioethics  Advisory  Commission  (NBAC),  the 
draft  charter  states  that  "as  a  first  priority,  the  Commission  will  direct  its  attention  to 
consideration  of  issues  in  the  management  and  use  of  genetic  information."  It  appears  that 
NBAC  could  decide  that  employment  and/or  discrimination  issues  fall  within  the  scope  of 
this  language. 

WHAT  DO  YOU  SEE  AS  THE  PARTICULAR  STRENGTHS  AND  LIMITATIONS  OF  THE 
PROPOSED  COMMISSION  BASED  ON  OTA'S  PRIOR  STUDIES? 

OTA's  analysis  of  bioethics  commissions  in  our  report.  Biomedical  Ethics  in  U.S.  Public 
Policy,  identified  six  primary  factors  that  contribute  to  the  success  or  failure  of  an  effort. 
They  are:  budget,  including  staffing;  mandate  and  flexibility  to  control  the  agenda, 
appointment  process;  bureaucratic  location;  target  audiences;  and  reporting  and  response 
requirements.  The  proposed  NBAC  charter  addresses  each  of  these  factors. 

The  provision  that  has  drawn  the  most  attention  is  in  the  area  of  NBAC's  mandate.  As 
currently  proposed,  NBAC  would  embark  on  studies  in  consultation  with  the  President's 
National  Science  and  Technology  Council  (NSTC).  Concern  has  been  raised  by 
congressional  and  non-congressional  parties  that,  structurally  speaking,  such  a  close 
linkage  to  the  NSTC  is  less  preferable  than  a  fi-ee-standing,  independent  body  like  the 
President's  Commission  for  the  Study  of  Ethical  Problems  in  Medicine  and  Biomedical  and 
Behavioral  Research. 

TO  WHAT  EXTENT  ARE  THE  SOCIAL  AND  ETHICAL  ISSUES  RELATED  TO  DNA 
BEING  DISCUSSED  AND  DEBATED  AT  PUBLIC  MEETE^GS  AND  SEMINARS?  HAVE 
YOU  ATTENDED  ANY  OF  THESE  MEETINGS?  WFL\T  IS  THEIR  QUALITY? 

Both  DoE  and  NIH  have  supported  various  conferences  on  the  ethical,  legal,  and  social 
issues  of  the  Human  Genome  Project    Additionally,  the  National  Center  for  Human 
Genome  research  has  a  seminar  series  on  aspects  of  the  Human  Genome  Project;  these 
talks  are  open  to  the  public.  Public  forums  on  the  ethical,  legal  and  social  issues  are  also 
held  in  conjunction  with  scientific  meetings  related  to  human  genetics. 

I  have  attended  many  of  these  meetings.  Not  surprisingly,  some  are  better  than  others, 
and  it  is  impossible  to  make  any  generalized  statement. 
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WHAT  CAN  BE  DONE  TO  IMPROVE  THE  EFFICffiNCY  AND  PRODUCTIVITY  OF  THE 
FEDERAL  CONTRIBUTION  TO  HUMAN  GENOME  RESEARCH  AT  DOE  LABS  AND 
NIH? 

OTA  has  not  analyzed  the  intramural  genome  programs  of  DoE  or  NIH  and  so  cannot 
comment  on  their  efficiency  and  productivity. 

A  SIGNIFICANT  AMOUNT  OF  EFFORT  HAS  FOCUSED  ON  THE  QUESTION  OF 
ACCESS  TO  INSURANCE  IP  AN  INDIVIDUAL  HAS  A  GENETICALLY  LINKED 
DISEASE    WITHOUT  HEALTH  REFORM,  WHO  WILL  MAKE  THE  DECISIONS  FOR 
GRANTING  INSURANCE  TO  THOSE  INDIVIDUALS  WITH  "PREEXISTING 
CONDITIONS"?  STATE  INSURANCE  COMMISSIONS? 

The  extent  to  which  genetic  preexisting  conditions  affect  the  ability  to  secure  health 
insurance  largely  centers  on  mdividual  policies  or  medically  underwritten  small  group 
policies.  Hence,  decisions  on  eligibility  will  be  made  on  a  carrier  by  carrier  and  individual 
by  individual  basis,  although  state  insurance  commissions  could  step  in  to  regulate  all 
policies  under  its  jurisdiction. 

In  some  cases,  employers  can  make  decisions  related  to  covering  preexisting  conditions. 
That  is,  employers  who  offer  health  insurance  through  ERISA-based,  self-funded  plans 
can  cap,  modify,  or  eliminate  health  care  benefits  for  a  particular  condition  at  any  time,  as 
long  as  the  company  complies  with  notification  requirements.  ERISA  would  preempt  any 
state  law  related  to  genetically  linked  disease  and  preexisting  conditions. 

THE  OFFICE  OF  SCIENCE  AND  TECHNOLOGY  POLICY  HAS  RECENTLY  PROPOSED  A 
BIOETHICS  COMMISSION  TO  ADDRESS  A  NUMBER  OF  ISSUES  INCLUDING  HUMAN 
SUBJECT  RESEARCH  AND  GENETIC  TESTING.  TO  WHAT  DEGREE  WOULD  SUCH  A 
COMMISSION  REDUCE  THE  NEED  FOR  THE  CURRENT  JOINT  NIH-DOE  WORKING 
GROUP  ON  ETHICAL,  LEGAL,  AND  SOCIAL  ISSUES?  WHAT  IS  THE  APPROPRIATE 
ROLE  FOR  THE  JOINT  WORKING  GROUP  IS  THE  COMMISSION  IS  ESTABLISHED? 
WHAT  IF  IT  ISN'T  ESTABLISHED?  WHAT  DO  YOU  BELIEVE  ARE  THE  SPECIAL 
STRENGTHS  AND  LIMITATIONS  OF  THE  ELSI  WORKING  GROUP  IN  IDENTIFYING 
AND  ADDRESSING  EMERGING  POLICY  ISSUES  RESULTING  FROM  HUMAN 
GENOME  RESEARCH? 

As  I  have  indicated  in  my  written  testimony,  the  ELSI  programs  fund  research  related  to 
the  Human  Genome  Project  in  order  to  expand  the  knowledge  base  in  the  broad  area  of 
genetics  and  ethics,  law,  and  social  and  public  policies.  The  programs  operate 
independently  in  the  model  of  peer  review  competition  for  grant  flinds.  The  ELSI 
Working  group,  which  is  a  joint  NIH-DOE  effort,  advises  both  programs;  initially,  it 
framed  the  agenda  and  established  priority  research  areas. 

The  nature  of  grant  programs  means  the  ultimate  direction  largely  evolves  from  the 
bottom  up~i.e.,  from  the  individual  perspectives  of  researchers  pursuing  independent 
investigations— rather  than  from  the  top  down~i.e.,  through  policymakers  or  an 
overarching  federal  body.  Furthermore,  no  formal  mechanism  exists  for  ELSI-funded 
research  findings  to  directly  make  their  way  back  into  the  policy  process. 

Despite  the  recommendation  of  at  least  two  successive  Congresses  that  the  National 
Center  for  Human  Genome  Research  (NCHGR)  adopt  a  commission-like  mechanism  with 
adequate  staffing  to  examine  and  implement  guidelines  or  recommendations  derived  from 
its  ELSI  grant  portfolio,  no  such  entity  has  materialized.  In  the  past  few  months, 
however,  NCHGR  has  moved  to  expand  its  policy  analysis  capacity.  Thus,  the  extent  to 
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which  any  implementation  of  ELSI  Working  Group  recommendations  moves  forward  is 
currently  in  flux. 

NBAC,  if  constituted,  could  provide  a  high  profile,  cross-agency  forum  to  address  some 
issues  pertinent  to  the  Human  Genome  Project.  For  example,  the  draft  charter  includes 
the  direction  that,  "as  a  first  priority,  the  Commission  will  direct  its  attention  to 
consideration  of  issues  in  the  management  and  use  of  genetic  information;"  such  a  study  is 
only  one  of  two  directly  identified  as  NBAC  topics.  Moreover,  NBAC  recommendations 
may  carry  significant  weight  by  virtue  of  the  position  the  commission  occupies  in  the 
executive  hierarchy. 

Additionally,  the  draft  charter  contains  language  that  compels  departments  and  agencies  to 
respond  to  any  NBAC  recommendations.  The  draft  NBAC  charter  states  that  "[t]he 
Commission  may  specifically  identify  the  Federal  department,  agency  or  other  entity  to 
which  particular  recommendations  are  directed  and  request  a  response  from  the  Federal 
department,  agency  or  other  entity  within  180  days  of  publication  of  such 
recommendations."  In  other  words,  should  the  agency  opt  not  to  implement  an  NBAC 
recommendation,  the  agency  must  publish  public  notice  that  details  the  reasons  it  is  not 
doing  so.  OTA  found  such  a  "forcing  clause"  to  be  an  important  factor  in  the 
effectiveness  of  past  bioethics  commissions.  In  contrast,  such  authority  is  not  held  by  the 
ELSI  Working  Group. 

Still,  NBAC  clearly  is  positioned  to  undertake  work  that  is  of  policy  interest  to  multiple 
agencies;  such  an  authority  and  purpose  is  expressly  stated  in  the  draft  charter.  Thus, 
some  items  important  to  policy  analysis  and  implementation  related  to  the  Human  Genome 
Project  might  be  viewed  as  too  nartow  for  NBAC  to  undertake.  Hence,  it  will  be 
important  to  examine  the  relationship  between  NBAC,  the  ELSI  Working  Group,  and 
NCHGR's  intramural  policy  analysis  capacity.  Because  none  of  the  entities  is  in  place  in 
its  likely  fiiture  form,  however,  it  is  not  possible  for  OTA  to  speculate  fiirther  about  how 
this  landscape  will  shape  up. 

A  RECENT  REPORT  OF  THE  EsfSTITUTE  OF  MEDICINE  FUNDED  BY  DOE  AND  NIH 
NOTED  THAT  THERE  MAY  ARISE  A  CONFLICT  OF  INTEREST  ON  THE  PART  OF 
THOSE  WHO  ARE  IN  A  POSITION  TO  RECOMMEND  GENETIC  TESTS  BECAUSE 
THEY  MAY  HAVE  A  FINANCIAL  INTEREST  JN  LABORATORIES  OR  COMPANIES 
THAT  PROVIDE  TESTING    WHAT  IS  THE  BEST  WAY  TO  DEAL  WITH  THIS 
SITUATION? 

OTA  has  not  evaluated  the  issue  of  conflict  of  interest  for  providers  of  genetic  services 
who  might  also  have  a  fiduciary  interest  in  the  laboratories  or  companies  that  perform  the 
tests. 

FUNDING  FOR  THE  ETHICAL,  LEGAL,  AND  SOCIAL  ISSUES  PROGRAM  IS  ABOUT  3 
PERCENT  OF  THE  DOE  RESEARCH  PROGRAM  AND  5  PERCENT  OF  THE  NIH 
RESEARCH  PROGRAM.  IS  THERE  A  RATIONALE  FOR  CALCULATING  HOW  MUCH 
FUNDING  SHOULD  BE  DEVOTED  TO  THIS  ISSUES?  IS  3  TO  5  PERCENT  ENOUGH? 

OTA  unaware  of  any  analyses  that  present  the  rationale  for  the  current  ftinding  levels  for 
the  ELSI  programs  or  whether  the  percent  allocations  are  adequate,  inadequate,  or  too 
much. 
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THE  EXTENSIVE  MEDIA  ATTENTION  ON  THE  IMPORTANT  GENETIC  DISCOVERIES 
MAY  LEAD  TO  AN  IMPRESSION  BY  THE  PUBLIC  THAT  NOT  ONLY  DISEASE,  BUT 
Mt^NY  BEHAVIORS  CAN  BE  EXPLAINED  BY  GENETIC  MAKE-UP    WHAT  ARE  THE 
STEPS  THAT  NEED  TO  BE  TAKEN  NOW  TO  ASSURE  THAT  WE  DON'T  OVERSELL 
THE  RESEARCH  FINDINGS  THAT  COULD  LEAD  TO  A  SIMPLISTIC  CONCEPTION  OF 
GENETIC  DETERMINISM 

As  my  statement  indicates,  public  education  about  the  benefits  and  risks— medical  and 
social— of  genetics  is  paramount.  Public  understanding  of  the  scientific,  technical,  ethical, 
social,  and  legal  implications  of  the  growing  body  of  genetic  information  is  absolutely 
necessary  for  the  wise  and  thoughtful  application  of  this  knowledge. 
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